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It  was  shown  in  previous  papers  upon  this  subject  that  by  the 
action  of  various  metals  upon  triphenylchlormethane  an  extremely 
unsaturated  hydrocarbon  is  produced,  to  which  was  assigned  the 
constitution  of  triphenylmethyl,  (CeHs),C.  The  hydrocarbon  was 
found  to  unite  very  readily  not  only  with  atmospheric  oxygen  and 
with  iodine,  but  also  with  a  number  of  oxygen  compounds,  such  as 
ethyl  ether,  acetic  ester,  etc.  The  simple  oxygen  compound  was 
shown  to  possess  the  constitution  of  a  peroxide,  being  formed  by 
the  direct  addition  of  a  molecule  of  oxygen  to  the  unsaturated 
hydrocarbon : 

(C.H^.C      O       (C.H,)$C-0 

+  II  =  I  . 

(PiH^C       O       (C.H4)tC-0 

This  peroxide  is  a  beautifully  crystalline  stable  body,  only  very 
slightly  soluble  in  the  usual  organic  solvents,  and  shows  none  of 
the  unsaturated  properties  of  the  original  hydrocarbon.  The  ether 
and  ester  compounds,  on  the  contrary,  still  possess  the  unsatura- 
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tion  to  the  same  extent  as  the  hydrocarbon  itself.  Their  solutions, 
when  exposed  to  air,  absorb  oxygen  almost  as  readily  as  triphenyl- 
methyl  itself,  and  also  give  the  above-mentioned  peroxide.  The 
composition  of  these  compounds  was  found  to  be  2  molecules  of 
triphenylmethyl  to  1  molecule  of  the  ether  or  the  ester.  The  theory 
was  tentatively  advanced1  that  the  constitution  of  these  bodies 
could  best  be  explained  by  assuming  the  existence  of  tetravalent 
oxygen : 

(CtHJjCv       •CjHj  (CjHJjCvyCjHj 

(C.H^C'Xh/  (CfH§),c/NX)CHf' 

Experiments  have  since  shown  that  this  reaction  of  the  hydro- 
carbon  towards  ethers  and  esters  is  quite  general.  Analogous 
compounds  are  formed  with  methylpropyl  ethef,  ethylpropyl  ether, 
methylbenzyl  ether;  with  methyl  acetate  and  other  esters.  Ex- 
perimental data  in  favor  of  the  existence  of  tetravalent  oxygen 
were,  at  the  time  when  the  above  formulas  were  proposed,  very 
few.  The  principal  support  in  favor  of  such  a  view  was  to  be 
found  in  the  physico-chemical  studies  of  Briihl,*  in  the  work  of 
Collie  and  Tickle3  upon  the  oxonium  bases  of  dimethylpyron,  and 
in  the  azoxonium  bodies  of  Kehrmann.4  Since  the  publication  of 
my  last  paper,  several  important  contributions  in  regard  to  the  ex- 
istence of  tetravalent  oxygen  have  been  published.  We  should  be 
qfuite  justified  at  present,  in  the  light  of  the  recent  work  of  Baeyer 
and  Villiger,5  Werner,6  Walden,7  Biillow  and  Sicherer,8  and  Kehr- 
mann9 to  consider  the  existence  of  tetravalent  oxygen  as  entirely 
probable,  and  to  employ  this  probability  as  a  support  of  the  view 
as  to  the  constitution  of  the  ether  and  ester  compounds  of  tri- 
phenylmethyl. Still,  even  at  present,  it  seems  best  to  adhere  to 
the  original  plan :  to  place  the  constitution  of  triphenylmethyl  itself 
upon  an  experimental  basis  first;  after  that  we  can  employ  this 
extremelv  unsaturated  bodv  for  a  further  studv  of  the  valencv  of 

*  *  •  • 

oxygen,  and  perhaps  that  of  other  elements. 
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That  the  constitution  of  triphenylchlormethane  and  triphenyl- 
brommethane  is  really  as  shown  below, 


O-c-ci 

0 

tbere  can  be  no  doubt,  as  was  again  shown  quite  recently  by  Kehr- 
mann.1  It  is  well  known  that  metals  may  act  upon  halogen  com- 
pounds in  either  of  the  two  ways:  (t)  the  halogen  alone  may  be 
removed,  and  then  2  radicals  unite  into  1  molecule;  (2)  the  metal 
may  induce  the  splitting  off  of  a  halogen  acid,  and  thus  give  rise  to 
an  unsaturated  body.  If  metals  affect  triphenylchlormethane  in 
such  a  way  as  to  cause  the  removal  of  hydrochloric  acid  then  the 
constitution  of  the  resulting  body  may  be  expressed  by  one  of  the 
following  four  formulas: 


T4XH 

C.H/      X 


P 


*     A 

I.  II. 

A  substance  possessing  constitution  I  has  been  prepared  some  time 
ago  by  Hemilian,2  and  also  by  E.  and  O.  Fischer,8  by  the  action  of 
heat  (2500  C.)  upon  triphenylchlormethane.  It  is  a  stable,  satu- 
rated hydrocarbon,  and  is  different  in  every  respect  from  the  "tri- 
phenylmethyl"  described  by  myself.  Formulas  II,  III,  and  IV4 
give  no  adequate  explanation  why  the  hydrocarbon  should  be  so 
very  unstable  and  unsaturated.  Because  of  these  considerations  I 
expressed  myself  as  follows5 :  "Should  it  be  proved  at  some  future 
time  that  the  action  of  metals  upon  triphenylchlormethane  results, 
after  all,  in  the  elimination  of  hydrochloric  acid,  the  behavior  of 
the  hydrocarbon  will  best  be  explained  by  the  constitution 

1  Bet.d.  ckem.  Ges.%  34,  3818. 
1  Ibid.,  7,  iao8. 

1  Ann.  Ckem.  (X^iebig),  194,  259. 
4  Norris:  Am.  Ckem.  J. ^  a$,  122. 
•  Am.  Ckem.  J.,  ag,  333. 
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involving  the  existence  of  bivalent  carbon".  Kehrmann,1  in  a 
recent  paper,  seems  to  give  preference  to  this  constitution,  without, 
however,  advancing  any  new  experimental  proofs. 

It  has,  however;  been  assumed  by  me  all  along  that  metals  in 
this  instance  do  not  split  off  hydrochloric  acid,  but  only  the  chlo- 
rine, giving  as  a  result  the  free  radical,  triphenylmethyl, 
(C4HS),C.  One  of  the  reasons  for  this  assumption  was  the  fact 
that  by  the  action  of  iodine  upon  the  unsaturated  hydrocarbon  a 
body  of  the  composition  (C6H5)8CI  was  obtained.  As  the  yield 
was  very  small,  only  a  few  qualitative  tests  were  made,  and  little 
could  be  said  with  certainty  as  to  the  mechanism  of  its  formation. 
The  reaction  has  now  been  studied  in  detail,  and  it  will  be  shown 
that  if  certain  conditions  are  observed  it  is  possible  to  obtain  tri- 
phenyliodomethane  almost  quantitatively.  The  iodocompound  is 
an  extremely  unstable  body,  and  the  isolation  of  it  in  the  dry  state 
is  attended  with  great  difficulties.  It  was  therefore  prepared  in 
most  instances  only  in  solution  in  some  organic  solvent,  and  the 
solution  was  at  once  used  up  for  the  experiments.  I  have  made  a 
comparative  study  of  the  reactions  of  triphenylchlormethane  and 
triphenylbrommethane  on  one  hand,  and  triphenyliodomethane  on 
the  other,  with  the  result  that  the  latter  was  found  to  be  absolutely 
identical  in  its  chemical  behavior  with  the  former  two.  The  follow- 
ing reactions  were  studied :  I.  Amount  of  iodine  taken  up  by  the 
hydrocarbon;  2.  Reaction  of  the  iodocompound  with  ammonia; 
3.  Reaction  with  substituted  amines ;  4.  Formation  of  perhalides ; 
5.  Empirical  composition  of  the  iodocompound ;  6.  Formation  of 
double  salts  with  the  halide  salts  of  metals. 

I.      TITRATION   WITH   IODINE. 

Preparation  of  the  Hydrocarbon. — The  triphenylmethyl  was 
prepared  in  the  following  way:  20  grams  of  triphenylchlor- 
methane are  dissolved  in  thoroughly  dried  benzene,  and  about  10 
grams  of  zinc  in  the  form  of  turnings  or  sticks  are  added  to  the 
solution.    All  the  air  in  the  flask  must  be  completely  displaced  by 

1  Btr.  d.  chem.  Ges  ,  34,  3815. 
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dry  carbon  dioxide.  The  solution  at  once  turns  yellow,  and  the 
metal  soon  becomes  coated  with  a  number  of  small  droplets  of  a 
dark  viscous  mass.  This  syrupy  material  is  a  compound,  in  the 
nature  of  a  double  salt,  of  triphenylchlormethane  with  the  zinc 
chloride  which  has  been  formed  in  the  reaction.  In  five  to  fifteen 
days,  depending  upon  the  amount  of  the  surface  of  zinc  exposed, 
the  reaction  is  completed.  About  15  grams  of  the  chlorocompound 
are  reduced  to  the  triphenylmethyl,  while  about  5  grams 
combine  with  the  zinc  chloride,  forming  a  compound  which 
is  insoluble  -in  benzene  and  which  is  therefore  no  further 
attacked .  by  the  metal.  The  benzene  solution  of  triphenyl- 
methyl is  siphoned  off  from  the  zinc  and  the  precipitated  double 
salt,  and  is  concentrated  to  a  small  bulk  under  diminished  pressure. 
All  the  air  must  be  rigorously  excluded  throughout  the  whole 
operation.  If  now  to  the  very  concentrated  benzene  solution 
acetic  ester  be  added  the  ester  compound  will  separate  in  a  very 
short  time  in  transparent,  colorless  crystals.  By  the  addition  of 
ethyl  ether  instead  of  the  ester,  the  corresponding  ether  combina- 
tion may  be  similarly  obtained.  If,  however,  acetone  is  added 
then  one  of  the  following  two  things  will  happen :  If  the  solution 
still  contains  about  15  cc.  of  benzene  then  the  triphenylmethyl  will 
separate  in  combination  with  benzene,  although  the  latter  has  be- 
come diluted  with  a  large  quantity  of  acetone ;  but  if  care  has  been 
taken  to  drive  off  all,  or  nearly  all,  the  benzene  before  the  acetone 
is  added  then  the  pure  triphenylmethyl  is  obtained  as  a  colorless, 
granulated  precipitate.  This  tendency  on  the  part  of  the  hydro- 
carbon to  enter  into  combination  with  benzene  has  been  noticed  in 
other  instances,  when  solvents  other  than  acetone  are  added  to  a 
concentrated  benzene  solution  of  the  triphenylmethyl.  It  is  peculiar 
that  the  combination  of  the  hydrocarbon  with  benzene  is  in  the 
same  proportions  as  in  the  case  of  the  ether  and  ester  compounds : 
2  molecules  of  the  triphenylmethyl  to  1  of  the  solvent. 

A  sample  of  the  benzene  compound  obtained  by  the  addition  of 
acetone  as  described  above,  furnished  on  analysis  the  following 
results: 

°-379  gjam  substance  gave  1.2930  gram  COa  and  0.2250  gram 
H,0. 

Calculated  for 
a(C«a»)«C  +  C«H«.  Found. 

Carbon 93.56  93.00 

Hydrogen 6.44  6.59 
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A  portion,  1.622  grams,  was  heated  for  some  time  in  a  stream  of 
carbon  dioxide  at  8o°-go°  C,  and  the  loss  amounted  to  0.210a 
gram. 

Calculated  for 
2(C«H»)sC  +  CeH«.  Pound. 

Loss,  as  benzene  •  •  •  •   1 3.83  1 2.94 

The  escaping  vapors  were  condensed  in  a  freezing-mixture  and 
were  identified  as  benzene  by  the  melting-point,  the  characteristic 
odor,  and  the  smoky  flame.  In  another  instance,  a  combustion  of 
the  condensed  liquid  was  made  and  the  results  proved  beyond 
doubt  that  it  was  benzene. 

For  the  preparation  of  the  pure  triphenylmethyl  in  all  subse- 
quent work  the  benzene  solution  of  the  hydrocarbon  was  evapo- 
rated to  dryness  and  the  dry  crystalline  residue  was  heated  for  an 
hour  in  a  vacuum  at  6o°-8o°  C.  To  the  residue  warm  acetone 
was  added  and  the  mixture  was  kept  at  a  temperature  of  boiling 
acetone  for  one-half  hour.  On  cooling,  the  crystalline  mass  was 
filtered,  washed  several  times  with  acetone,  and  dried  in  a  stream 
of  carbon  dioxide. 

1.4600  grams  were  heated  for  two  hours  at  8o°  C,  then  for 
three  hours  at  900  C,  and  the  loss  amounted  only  to  0.0005  gram. 

0.3307  gram  substance  gave  1.1310  gram  C02  and  0.1851  gram 
HtO. 

Calculated  for 

(C«H5)jC.  Found. 

Carbon 93.74  93.28 

Hydrogen 6.26  6.22 

Triphenylmethyl  when  dry  is  a  fairly  stable  substance.  It  may 
be  exposed  to  air  for  a  short  time  without  danger  of  oxidation.  It 
is  white  when  freshly  prepared,  but  soon  turns  pale  yellow.  It  is 
soluble  in  benzene,  carbon  disulphide,  only  slightly  soluble  in 
acetone,  and  hardly  at  all  in  petroleum  ether.  While  colorless 
itself,  the  solutions  of  triphenylmethyl  are  always  yellow,  no 
matter  what  solvent  be  employed.  This  phenomenon  will  be 
studied  more  fully  later.  The  solutions  of  the  hydrocarbon  when 
exposed  to  air  instantly  become  covered  on  the  surface  with  a 
crystalline  crust  of  the  peroxide ;  in  a  short  time  the  whole  of  the 
triphenylmethyl  is  converted  into  the  oxidized  product,  and  the 
supernatant  liquid  becomes  colorless. 

Titration. — Triphenylmethyl  absorbs  not  only  oxygen  but  also* 
iodine.     When  a  solution  of  the  latter  is  added  to  that  of  the 
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former  the  iodine  is  absorbed  instantly,  the  solution  remaining  pale 
yellow  till  nearly  the  end  of  the  reaction.  Many  attempts  have 
been  made  to  make  this  a  basis  of  a  quantitative  method  for  the 
estimation  of  the  hydrocarbon,  but  owing  to  the  instability  of  the 
triphenyliodomethane,  only  approximately  quantitative  results 
could  be  obtained.    It'will  be  seen  from  the  reaction, 

<C.H,),C+I=(CiHi),CI, 
that  the  hydrocarbon  requires  52.17  per  cent,  of  its  own  weight  of 
iodine  for  complete  saturation.     Similarly,  when  the  acetic  ester  or 
the  benzene  compound  are  used  for  the  titrafion  it  ought  to  proceed 
according  to  the  equations 

I(C0Hc)aC]2.CH3CO2C2H5  +  2I  = 

2(C0HB)3CI+CH3CO2C2H5, 

[  (CHa)aC]a.C.H.  +  2l  =  *(C6HB)3CI  +  C0H0. 
Accordingly,  the  ester  compound  should  take  up  44.2  per  cent.,  and 
the  benzene  derivative  45  per  cent,  of  iodine  respectively  for  their 
complete  saturation.  The  method  of  procedure  was  as  follows: 
The  substance  to  be  titrated  was  placed  in  a  flask  from  which  all 
the  air  had  been  displaced  by  carbon  dioxide.  The  substance  was 
then  either  dissolved  or  just  covered  with  a  solvent,  such  as  ben- 
zene, carbon  disulphide,  or  petroleum  ether,  and  a  standard  solu- 
tion of  iodine,  from  tenth-normal  to  half-normal,  also  in  one  of  the 
above-mentioned  solvents,  was  gradually  added  to  the  hydro- 
carbon. At  the  beginning,  the  halogen  is  taken  up  at  once,  the 
solution  remaining  pale  yellow.  After  about  75-80  per  cent,  of 
the  theoretical  amount  of  the  halogen  has  been  added  the  absorption 
becomes  noticeably  slower  and  the  solution  grows  darker  in  color ; 
any  further  addition  of  halogen  above  80-85  P*T  cent-  onty  tends  to 
deepen  the  color.  A  large  number  of  experiments  were  made  in 
order  to  determine  the  cause  why  the  reaction  does  not  proceed 
smoothly  to  the  end.  Of  the  several  explanations  which  have  been 
thought  of  in  this  connection  the  following  may  be  mentioned  here 
as  appearing,  for  the  present,  the  most  plausible :  The  triphenyl- 
iodomethane which  is  formed  during  titration  is  an  exceedingly 
unstable  body;  when  in  solution  it  rapidly  breaks  down,  being 
quite  readily  affected  by  light,  and  completely  decomposed  by 
atmospheric  oxygen.  When,  in  titration,  about  four-fifths  of  the 
triphenylmethyl  is  converted  into  the  halogen  derivative  an  equi- 
librium is  apparently  established;  beyond  this  point  any  further 
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formation  of  the  iodocompound  will  be  checked  by  a  corresponding 
decomposition  with  liberation  of  iodine. 

The  study  of  this  halogen  compound  involves  a  great  many 
difficulties,  and  anything  like  quantitative  results  can  only  be  ob- 
tained by  observing  the  strictest  precautions,  especially  in  regard 
to  the  exclusion  of  oxygen  from  the  apparatus.  In  the  following 
table  is  given  a  summary  of  the  results  obtained  in  this  part  of  the 
work.  The  amounts  of  iodine  indicated  are  those  added  until  the 
pale  yellow  solution  of  the  hydrocarbon  just  began  to  turn  darker 
in  color.  • 
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The  table  clearly  shows  that  under  the  conditions  above  de- 
scribed about  four-fifths,  or  somewhat  more,  of  the  hydrocarbon 
can  be  titrated  without  difficulty.  All  the  solutions  of  the  tri- 
phenyliodomethane  obtained  as  given  in  the  above  table  were  at 
once  used  up  for  further  experiments  to  be  described  below.  In 
nearly  every  instance  there  was  obtained  some  peroxide,  which 
points  to  an  incomplete  saturation  in  the  titration.  Results  con- 
siderably nearer  to  quantitative  were  obtained  later  in  the  work. 
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in  the  preparation  of  triphenyliodomethane  in  the  dry  state.  The 
triphenylmethyl  was  covered  with  petroleum  ether  and  warmed 
on  the  water-bath.  To  the  warm  mixture  a  standard  solution  of 
iodine  in  the  same  solvent  was  slowly  added.  The  titration  has 
to  be  carried  on  slowly,  so  as  to  prevent  the  separation  of  the  tri- 
phenyliodomethane through  the  addition  of  the  cold  iodine  solu- 
tion. The  end-reaction  can  be  recognized  fairly  well.  2.3700 
grams  of  triphenylmethyl  took  up  1.0342  grams  iodine,  which 
represents  83-60  per  cent,  of  the  theoretical  amount.  In  working 
up  this  solution  for  triphenyliodomethane  there  was  also  separated 
nearly  0.300  gram  of  a  mixture  of  the  peroxide  and  some  other 
body.  By  deducting  this  from  the  original  £.3700  grams,  we  see 
that  the  amount  of  absorbed  iodine  would  be  equivalent  to  96  per 
cent,  of  the  amount  required  by  theory.  In  another  instance, 
24900  grams  required  1.0710  grams  iodine,  or  82.4  per  cent,  of 
the  theoretical  amount.  By  subtracting  0.350  gram  of  non-halogen 
product  found  on  working  up  the  reaction  mixture,  we  find  that 
the  amount  of  iodine  actually  taken  up  represents  again  almost  96 
per  cent,  of  the  amount  required  by  theory  for  pure  triphenyl- 
methyl.    Further  study  of  this  question  is  necessary. 

2.      REACTION  WITH  AMMONIA. 

It  was  shown  by  Elfis,1  and  by  Hemilian  and  Silberstein,2  that 
triphenylbrommethane  reacts  with  ammonia  and  gives  triphenyl- 
amine.  The  same  reaction  was  carried  out  Jby  Nauen8  on  tri- 
phenylchlormethane.  I  find  that  triphenyliodomethane  reacts  at 
ordinary  temperature  with  ammonia,  and  the  yield  of  the  amine 
compound  is  almost  quantitative. 

4  grams  of  the  acetic  ester  compound  of  triphenylmethyl  were 
dissolved  in  benzene,  and  iodine  added  as  described  under  titration. 
14960  grams  of  the  halogen  were  added.  The  solution  was  then 
placed  in  ice-water  and  dry  ammonia  was  passed  into  the  solution 
of  the  halogen  compound.  The  separation  of  ammonium  iodide 
began  with  the  first  few  bubbles  of  the  gas.  The  ammonium 
iodide  was  filtered  off,  the  benzene  solution  concentrated  to  a 
small  bulk,  and  to  that  alcohol  was  added.  On  cooling,  the  tri- 
phenylaminomethane  crystallized  almost  pure,  containing  a  small 

}  Ber.  d.  chem.  Ges.%  17,  703. 
«  /Wrf.,  17,  741. 
«  AM,  17.  44* 
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amount  (0.150  gram)  of  the  triphenylmethyl  peroxide.  It  melted 
at  1020  C,  and  agreed  in  every  respect  with  the  amine  obtained 
from  triphenylchlormethane  in  a  parallel  experiment.  The  yield 
was  2.6  grams,  which  represents  85  per  cent,  of  the  quantity  re- 
quired by  theory.  The  calculation  of  the  theoretical  quantity  of 
this  and  of  the  other  amines  must  be  made,  of  course,  not  upon  the 
basis  of  triphenylmethyl  used  in  the  experiment,  but  only  upon  the 
amount  of  iodine  added,  because  this  alone  determines  the  amount 
of  triphenyliodomethane  which  is  available  in  the  reaction.  For 
analysis,  the  amine  was  recrystallized  from  dilute  alcohol. 

0.2090  gram  substance  gave  0.6762  gram  carbon  dioxide  and 
0.1186  gram  water. 

0.2825  gram  substance  gave  14.9  cc.  nitrogen  at  23.50  C.  and 
748  mm. 

Calculated  for 

(CtH^tCNH*  Pound. 

Carbon 87.97  S&.24 

Hydrogen 6.63  6.31 

Nitrogen 5.41  5.71 

In  another  experiment  2.09  grams  of  the  benzene  compound  of 
triphenylmethyl  took  up  0.8252  gram  iodine  and  gave  i.995  grams 
of  the  almost  pure  amine,  while  the  calculated  quantity  should 
have  been  2.005  grams.  One  recrystallization  from  ether  sufficed 
to  furnish  an  absolutely  pure  product. 

For  further  identification  of  the  amine,  the  hydrochloride  of  it 
was  prepared,  which,  on  boiling  with  water,  was  converted  into 
triphenylcarbinol,  just  as  is  the  amine  obtained  by  Elbs  from 
triphenylbrommethane.  The  platinum  double  salts  of  the  two 
amines  were  compared  and  were  also  found  to  be  identical.  There 
can  be  no  doubt  that  the  reaction  above  described  takes  place 
quantitatively  according  to  the  equation 

(C6H3)SCI  +  2NH3  =  (CCH3)3CNH2  +  NHJ. 

3.      REACTION   WITH   SUBSTITUTED  AMINES. 

Triphenylchlormethane  and  triphenylbrommethane1  react  not 
only  with  ammonia  but  also  with  substituted  amines,  and  give  the 
corresponding  substituted  triphenylaminomethanes.  The  iodo- 
compound  obtained  by  the  addition  of  iodine  to  the  unsaturated 
hydrocarbon  behaves  in  every  way  similarly.  It  gives  the  identical 
substituted  amines.     While  the  reaction  takes  place  quite  readily 

1  Bibs:  Ijoc.cit;  Hemilian:  Loc.cit. 
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and  with  good  yield,  with  all  the  amines  tried,  by  far  the  best  re- 
sults were  obtained  with  para-toluidine.  In  this  latter  case  the 
product  obtained  is  at  once  pure,  and  the  yield  is  as  nearly  quanti- 
tative as  could  be  desired. 

Triphenylmethylethylaminc,  ( C0//B )  aC.  NH  ( CtHz ) .  —  2.850 
.grams  of  the  acetic  ester  compound  of  the  hydrocarbon  absorbed 
1. 001  grams  of  iodine.  To  this  solution  a  little  more  than  the 
theoretical  amount  of  ethylamine  in  benzene  was  added.  The 
reaction  took  place  at  once.  On  concentrating  the  filtered  benzene 
solution  of  the  amino-compound  the  latter  separated  asanoil which 
did  not  solidify  until  after  several  days'  standing  in  a  vacuum 
desiccator.  The  amine  was  dissolved  in  absolute  ether,  and  pre- 
cipitated as  the  hydrochloride  by  means  of  dry  hydrochloric  acid 
gas.  In  order  to  obtain  the  free  base  the  salt  was  finely  broken  up 
under  dilute  alcoholic  ammonia,  filtered,  washed  with  dilute  alco- 
liol  and  with  water,  and  dried.  Obtained  in  this  way  it  is  a  white 
granular  powder.  When  dissolved  in  any  solvent  it  shows  a  great 
tendency  to  separate  as  an  oil,  which  begins  to  crystallize  only 
after  some  standing,  or  on  introducing  a  crystal  of  the  substance 
into  the  solution.  When  purified  in  this  way  it  gives  a  melting- 
point  of  75°-77°  C.  It  behaves  in  every  way  as  the  simple  tri- 
phenylaminomethane.  It  forms  salts  which  suffer  partial  hy- 
drolysis when  dissolved  in  water,  and  which  on  boiling  are  com- 
pletely decomposed  with  formation  of  triphenylcarbinol. 

0.2995  gram  substance  gave  14  cc.  nitrogen  at  190  C.  and  745 
-mm. 

Calculated  for 
(C«H»)sCNH(CsHft).  Pouud. 

Nitrogen 4*91  5-34 

A -sample  of  the  same  ethylamine  compound  was  also  prepared 
from  pure  triphenylchlormethane,  and  this  was  found  to  be  abso- 
lutely identical  with  the  one  obtained  from  theiodo-compoundinall 
its  reactions,  as  well  as  in  the  tendency  to  separate  from  solvents 
in  the  form  of  an  oil. 

In  the  formation  of  this  amine  the  reaction  therefore  proceeds  as 
follows : 
(C.H8)aCI  +  2C2HBNHa  = 

(C0H,),CNH.C2HB  +  CH.NH..HI. 

Triphcnylmcthyl propylamine,   (CGHR).tC.NHC^H1. — This  body 

"was  prepared  in  a  manner  analogous  to  that  which  furnished  the 
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ethylamine  derivative.  It,  also,  possesses  the  tendency  to  remain 
oily.  After  standing  in  a  vacuum  desiccator  for  some  time  the  oil 
solidifies  to  a  solid  crust  of  crystals.  These  can  be  purified  by 
spreading  them  out  upon  a  porous  plate  and  washing  first  with 
petroleum  ether,  then  with  a  little  alcohol.  The  substance  melts 
at  700  C. 
0.2230  gram  substance  gave  11.5  cc.  N  at  270  C.  and  741  mm. 

Calculated  for 
(CcH^gCMHCtHr.  Pound. 

Nitrogen ....  •     4.65  5.06 

.  The  hydrochloride  is  easily  formed  by  passing  dry  hydrochloric 
acid  gas  into  an  ethereal  solution  of  the  base.  On  boiling  the  base 
or  the  salt  with  dilute  hydrochloric  acid  it  decomposes,  and  tri- 
phenylcarbinol  is  produced,  a  reaction  which  is  common  to  all  the 
amines  of  triphenylmethyl, 

(C8H8)8CNHC8H7  +  HsO  =  (CeH8)8C.OH  +  NH,C8HT. 

Triphenylmethylamy famine,  ( CeH8 )  ZC.NH  (  CJixl ) .  —  Amyl- 
amine  acts  upon  the  iodine  compound  apparently  somewhat  slower 
than  the  other  amines  mentioned,  and  the  reaction  is  best  hastened 
by  gentle  heat.  The  substance  was  obtained  as  an  oil,  and  all 
attempts  to  bring  it  to  crystallization  have  failed.  It  was  therefore 
analyzed  in  the  form  of  its  hydrochloride,  which  was  prepared  in 
the  same  way  as  the  salts  of  the  other  bases  here  described.  The 
oil  itself  was  also  analyzed  and  gave  results  which  indicate  that  it 
was  pure  triphenylpropylamine. 

0.2300  gram  substance  gave  9.1  cc.  N  at  25  °  C.  and  740  mm. 

Calculated  for 
(CeH»)tCNHC»H„.  Pound. 

Nitrogen 4.20  4.99 

The  oil  was  boiled  with  dilute  hydrochloric  acid,  and  the  tri- 
phenylcarbinol  obtained  was  of  such  purity  as  to  require  no 
further  treatment  for  analysis.  It  melted  as  obtained  at  1590  C. 
Consequently  the  oil  was  pure  triphenylmethylamylamine. 

Triphenyltnethylaniline,  (  CeH8 )  8C. NH  ( CeH8 )  .—The  reaction 
with  aniline  is  very  smooth ;  the  resulting  amine  is  produced  in 
almost  quantitative  yield  and  is  easily  obtained  pure.  The  experi- 
ment was  repeated  several  times,  and  in  no  case  was  there  noticed 
the  formation  of  any  other  products  than  that  of  the  aniline  base 
and  of  some  triphenylmethyl  peroxide.  In  several  instances  the 
amount  of  aniline  hydriodide  formed  in  the  reaction  was  also 
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determined,  and  was  found  to  correspond  exactly  to  the  quantity 
of  iodine  added  in  the  formation  of  the  triphenyliodomethane. 
The  yield  of  the  aniline  base,  as  well  as  that  of  the  aniline  salt, 
leaves  no  doubt  that  all  the  iodine  added  to  the  triphenylmethyl  is 
used  up  in  the  formation  of  triphenyliodomethane,  and  that  the 
reaction  with  aniline  proceeds  strictly  according  to  the  equation 

(CtH.)tCI  +  2CtH6NHt  = 

(CaHi)sCNHCiH,  +  CeH8NHrHI. 

In  one  experiment  there  was  formed  14.5  grams  of  the  crude 
aniline  base  while  the  amount  required  by  theory  was  16  grams. 
The  product  was  divided  into  several  portions  and  each  purified  by 
recrystallization  from  different  solvents.  The  resulting  products 
were  all  found  to  be  identical,  all  melting  at  the  same  tempera- 
tures, namely  at  I49°-I50°  C.  As  Elbs  gives  the  melting-point  for 
the  aniline  base  which  he  obtained  from  the  triphenylbrommethane 
as  1460  C,  and  as  Hemilian  gives  it  as.  144.50  C,  I  prepared  a 
sample  of  triphenylmethylaniline  from  carefully  purified  triphenyl- 
chlormethane,  and  found  that  it  melts  at  I49°-I50°  C. 

In  another  experiment  12  grams  of  the  acetic  ester  compound  of 
triphenylmethyl  absorbed  4.3  grams  iodine,  and  gave  9  grams  of 
the  aniline  body.  The  latter  was  dissolved  in  ether  and  filtered  in 
order  to  remove  the  small  amount  of  triphenylmethyl  peroxide 
mixed  with  the  aniline  base.  On  the  addition  of  alcohol  to  the 
concentrated  ethereal  solution  the  triphenylmethylaniline  crystal- 
lized in  snow-white  little  prisms,  possessing  a  melting-point  of 
148°  C.    The  yield  was  6.5  grams. 

0.4607  gram  substance  gave  1.5010  grams  CO,  and  0.2697  gram 
K,0. 

0.4395  gram  substance  gave  17  cc.  N  at  22°  C.  and  729  mm. 

0.31 15  gram  substance  gave  12.2  cc.  N  at  190  C.  and  742  mm. 

Calculated  for  Pound. 

(CsHft)sC.NH.C«H|.  I.  II. 

Carbon 89.53  80.98 

Hydrogen  •  •  •    6.20  0.40  •  •  •  • 

Nitrogen  ....     4.18  4.25  4.27 

The  base  obtained  from  the  iodo-compound  agreed  in  every 
respect  with  that  made  from  the  corresponding  chlor-  and  brom- 
methane.  On  treatment  with  amyl  nitrite  it  gave  the  nitroso  de- 
rivative which,  when  heated  slowly,  was  found  to  melt  at  1560  C> 
as  given  by  Elbs.1 

1  Ber.  d.  cktm.  Ges.t  17,  704. 
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Hemilian  and  Silberstein1  state  that  when  a  benzene  solution  of 
triphenylmethylaniline  is  treated  with  hydrochloric  acid  gas  it  is 
decomposed  even  by  the  first  few  bubbles  according  to  the  equation 

(CeH5)3CNHC0H,  +  HC1  =  (C6H,)3C.C1  +  C.H.NH,. 

This  is  correct  in  so  far  as  a  benzene  solution  of  the  base  is  con- 
cerned. But,  curiously  enough,  if  the  benzene  is  diluted  with 
absolute  ether,  or  better  still,  if  ether  alone  is  employed  as  a 
solvent,  then  there  is  hardly  any  decomposition, — the  base  sepa- 
rates quantitatively  as  the  hydrochloride  salt.  By  this  means  the 
base  can  be  readily  and  completely  freed  from  the  accompanying 
non-basic  impurities. 

Triphenylmethyl-O'-toluidine,  (C9HS)9C.NHC%H^CHZ. — On  the 
addition  of  orthotoluidine  to  a  freshly  prepared  solution  of  tri- 
phenyliodomethane  the  reaction  takes  place  at  once.  The  hy- 
driodide  of  the  toluidine  separates  readily  in  the  form  of  fine  silky 
needles.  On  the  addition  of  alcohol  to  the  concentrated  benzene 
solution  the  base  is  precipitated  as  an  oil,  which,  however,  soon 
changes  to  a  crystalline  mass.  The  crystals  are  dissolved  in 
chloroform  and  separated  by  filtration  from  a  little  insoluble  tri- 
phenylmethyl  peroxide.  On  the  addition  of  alcohol  to  the  concen- 
trated chloroform  solution  the  triphenylmethyltoluidine  crystal- 
lizes out  pure,  the  crystals  melting  at  140 °  C,  while  the  absolutely 
pure  substance  should  melt  at  142 °  C.  The  yield  is  about  80  per 
cent,  of  the  calculated  quantity.  In  one  experiment,  the  base  was 
obtained  in  a  very  pure  state  by  precipitating  the  original  benzene 
solution  by  means  of  ether  instead  of  with  alcohol,  the  subsequent 
purification  being  the  same  as  before, — from  a  mixture  of  chloro- 
form and  alcohol. 

0.2318  gram  substance  gave  8.9  cc.  at  16.50  C.  and  745  mm. 

Calculated  for 
(CeHft)3CNH(CTH7).  Found. 

Nitrogen 4.01  •    4.22 

The  preparation  of  the  salts  of  this  base  is  accompanied  with 
very  great  difficulties,  as  has  already  been  noticed  by  Elbs.  In 
this  respect  this  body  behaves  differently  from  the  aniline  com- 
pound. Hydrochloric  acid  gas  decomposes  quantitatively  not  only 
a  benzene  solution,  but  also  an  ethereal  solution  of  the  toluidine 
body: 

'   (CiHft)sCNHCTHI  +  HCt  =  (C.H,),C.C1  +  C^NH, 

1  Ser.  rf.  ckrm.  Gfs.,  17,  747. 
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Trtphcuyimetliyhnetatoluidine,  (  Ce//B )  ZC.NH  (  CcH4CHn ) ,  is 
formed  when  metatoluidine  is  added  to  a  solution  of  triphenyliodo- 
methane.  The  reaction  is,  however,  much  slower  than  in  the 
formation  of  the  above-described  amines.  The  purification  of  the 
base  cannot  be  done  without  considerable  loss  of  material,  as  it  is 
quite  soluble  in  the  usual  solvents. 

Triphcnyhncthylparatotitidinc,  (C6//5)3C.iVH(Cfl//4C//a).— Of 
all  the  amino-compounds  tried,  paratoluidine  furnished  the  most 
satisfactory  results.  The  product  is  very  easily  obtained  pure, 
and  the  yield  is  fully  90  per  cent,  of  the  theory. 

5.12  grams  of  the  acetic  ester  compound  of  triphenylmethyl  re- 
quired for  apparent  saturation  1.8132  grams  of  iodine.  5  grams 
of  para-toluidine  in  benzene  were  added  to  the  solution  of  the  iodo- 
compound ;  the  reaction  took  place  at  once,  at  ordinary  tempera- 
ture. The  toluidine  hydriodide  was  removed  by  filtration,  washed 
with  benzene,  dried,  and  weighed.  The  qitantity  found  was  3.2 
grams,  while  the  calculated  amount  should  have  been  3.35  grams. 
The  benzene  solution  was  concentrated  under  reduced  pressure, 
and  to  the  residue  a  mixture  of  alcohol  and  ether  was  added.  As 
triphenylmethyl-/>-toluidine  is  only  sparingly  soluble  in  either  of 
those  two  solvents  it  crystallized  out  at  once  pure,  leaving  the  ex- 
cess of  toluidine  in  solution.  The  yield  of  the  base  was  4.55  grams, 
while  the  quantity  calculated  from  the  amount  of  iodine  added 
should  have  been  5.003  grams ;  the  actual  yield,  therefore,  of  the 
pure  product  was  90  per  cent,  of  the  theory.  In  a  second  experi- 
ment, 4  grams  of  the  toluidine  base  were  obtained,  against  4.4 
grams  as  calculated,  which  is  equivalent  to  91  per  cent,  of  the 
theory. 

For  analysis  the  substance  can  be  recrystallized  from  ether,  or 
from  a  mixture  of  chloroform  and  alcohol.  By  either  method  it 
can  be  obtained  in  beautiful  large  transparent  crystals,  melting,  as 
given  by  Elbs,  at  I77°-I78°  C. 

0.3138  gram  substance  gave  1.0329  gram  COa  and  0.1898  gram 
HaO. 

04496  gram  substance  gave  15.6  cc.  nitrogen  at  25 °  C.  and  735 
mm. 

04617  gram  substance  gave  18.6  cc.  nitrogen  at  260  C.  and  716 
mm. 
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Calculated  for  Pound. 

(C|K»)|CNHCrHT.  I.  IX. 

Carbon 89.39  89.77  •••• 

Hydrogen 6.65  6.71  •••• 

Nitrogen 4.0c  4.31  4*2$ 

4.      FORMATION  OP  PERHAUDES. 

It  was  reported  by  me1  some  years  ago  that  on  the  addition  of 
iodine  to  a  solution  of  triphenylbrommethane  a  periodide  is 
formed.  The  body  possessed  the  appearance  and  properties  of 
the  periodides  of  organic  bases.  The  analyses  led  me  to  the  con- 
clusion at  that  time  that  the  composition  of  the  body  was 
(CffH6)tCBr.I4.  I  also  described1  a  perbromide,  the  composition 
of  which  was  found  to  be  (CeH5)8CBr.Br8.  Nef*  reported  that 
he  got  a  perbromide  of  a  composition  similar  to  the  periodide.  As 
no  figures  of  analysis  are  given  by  him  it  was  to  be  interpreted4 
that  he  had  a  tetrabromide,  (C,HB)8CBr.Br4.  In  analyzing  the 
periodide  which  was  made  from  triphenyliodomethane  it  was  found 
that  it  had  the  composition  (C0HB)8CI.IB.  I  have,  therefore,  de- 
cided to  go  over  the  whole  work  on  the  perhalides  of  triphenyl- 
methane.  It  may  be  now  considered  established  that  there  is  a 
strict  uniformity  in  composition  in  all  these  substances — they  are 
all  pentahalides. 

Triphenylbrommethane  Pentabromide,  (C9H9)zCBr.Br^ — Tri- 
phenylbrommethane is  dissolved  in  as  little  chloroform  as  possible 
and  the  calculated  quantity  of  bromine  is  added.  On  cooling,  the 
perbromide  separates  in  dark  orange  crystals.  These  are  rapidly 
filtered  off,  dried  on  a  porous  plate  in  soda-lime  desiccator,  and 
are  analyzed  at  once.  The  total  bromine  was  estimated  by 
Carius'  method;  the  "perbromine"  was  estimated  by  suspending 
weighed  amounts  of  the  perhalide  in  a  solution  of  potassium 
iodide  in  water,  adding  some  chloroform,  and  titrating  the  iodine 
set  free  by  the  "perbromine".     Several  samples  were  analyzed. 

0.5569  gram  substance  gave  total  Q.8935  gram  AgBr. 

0.2712  gram  substance  gave  0.1548  gram  perbromine. 

0.31 2 1  gram  substance  gave  0.1761  gram  perbromine. 

Calculated  for  Pound. 

(C4Hl)sCBrBrft.  I.  IL 

Total  bromide 66.42  67.23  .... 

Perbromine 55.32  55.04  56.4 

1  This  Journal,  ao.  790. 

*  Ibid.,  ao,t776. 

•  Ann.  Cfum.  (Uebig),  308,  304. 

4  Bcilatein :  Brganrangsband  II,  127. 
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The  perbromide  is  very  unstable,  losing  bromine  very  readily, 
even  in  a  desiccator,  the  residue  consisting  of  pure  triphenylbrom- 
methane.  It  can,  however,  be  kept  without  decomposition  for  a 
considerable  length  of  time  in  a  tightly  closed  bottle. 

Triphenylbromme thane  Pentiodide,  (C6f/5)8C5r./B. — This  can 
be  prepared  by  the  addition  of  the  calculated  quantity  of  iodine 
dissolved  in  benzene  to  a  solution  of  triphenylbrommethane.  The 
periodide  separates  as  an  oil  which  in  a  few  seconds  becomes 
crystalline.  The  yield  is  usually  from  75  to  80  per  cent,  of  the 
calculated  quantity.  The  periodide  is  much  more  stable  than  the 
corresponding  perbromide.  It  can  be  kept  in  a  desiccator  for  days 
without  any  appreciable  loss  of  iodine.  It  is  only  slightly  soluble 
in  benzene  and  in  carbon  disulphide,  is  quite  soluble  in  ether, 
probably  with  decomposition.  All  the  iodine  can  be  titrated  with 
standard  thiosulphate  solution  in  water,  the  bromide  being  at  the 
same  time  converted  into  the  carbinol. 

The  total  halogen  was  estimated  by  reducing  the  perhalide  in 
ether  by  means  of  a  dilute  solution  of  sulphurous  acid  in  water, 
making  the  solution  slightly  alkaline,  and  then  boiling  the  mixture 
for  one-half  hour  in  order  to  insure  the  complete  conversion  of  the 
bromide  into  the  carbinol.  The  solution  of  the  sodium  iodide  and 
bromide  is  filtered  from  the  carbinol  and  the  total  halogen  esti- 
mated with  silver  nitrate.  A  large  number  of  samples  of  this 
body  were  prepared  under  slightly  varying  conditions,  in  order  to 
ascertain  positively  its  composition.  The  best  results  were  ob- 
tained by  adding  a  warm  solution  of  iodine  to  a  zvarm  solution  of 
the  bromide.  Either  benzene  or  carbon  disulphide  may  be  used  as 
a  solvent. 

I.  Sample  from  benzene: 

0.6930  gram  substance  gave  0.4523  gram  iodine. 
0.6085  gram  substance  gave  0.3975  gram  iodine. 
0.7895  gram  substance  gave  1.1015  grams  AgBr+Agl. 

II.  Sample  from  carbon  disulphide : 

0.5000  gram  substance  gave  0.3312  gram  iodine. 
04210  gram  substance  gave  0.2739  gram  iodine. 
0.4455  gram  substance  gave  0.2917  gram  iodine. 
0.6550  gram  substance  gave  0.9125  gram  AgBr-(-AgI. 
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Ponnd. 
Calculated  for                I.  II. 

(C«Hi)|CBr.Ii.    . * ■>  * 


Iodine...    66.25       65.25       65.43       66.20       65.05       65.48 
Bromine  .      8.41  7*90         •  • . •  7*&5         ....  •••• 

The  periodide  is  of  a  dark  blue  iridescent  color.  It  melts  at 
92 °  C.  It  is  quite  probable  that  triphenylbrommethane  may  also 
give  rise  to  lower  periodides.  The  one  reported  by  me  as  the  tetra- 
iodide  was  described  as  having  a  melting-point  of  121  °  C;  and  I 
once  came  across  a  periodide,  also  at  this  time,  which  melted  at 

I20°C. 

That  we  have  here  a  true  periodide  of  triphenylbrommethane, 
and  that  iodine  did  not  replace  bromine,  is  proved  by  the  following 
two  facts :  First,  some  of  the  periodide  was  heated  at  70°-8o°  C. 
until  all  the  iodine  was  driven  off;  the. residue  was  recrystallized 
from  petroleum  ether,  and  the  product  was  found  to  be  pure  tri- 
phenylbrommethane. Second,  some  of  the  periodide  was  dis- 
solved in  ether  and  the  solution  was  shaken  with  molecular  silver 
until  the  color  of  iodine  had  just  disappeared;  on  concentrating 
the  filtered  ethereal  solution  and  recrvstallizing  the  residue,  pure 
triphenylbrommethane  was  again  obtained. 

Triphenyliodome thane  Pentiodide,  (Ce/f5)t/./,. — This  periodide 
is  formed  just  as  readily,  if  not  more  so,  as  the  one  described 
above.  Indeed,  it  is  even  liable  to  be  formed  to  some  extent  when 
triphenylmethyl  is  being  titrated  with  iodine,  unless  the  latter  is 
added  slowly.  The  hydrocarbon,  or  the  ester  or  ether  derivative 
of  it,  is  dissolved  in  benzene  or  in  carbon  disulphide,  and  a  solution 
of  iodine  in  the  same  solvent  is  added  until  the  end-reaction  of  the 
titration  is  reached.  The  solution  is  now  gently  warmed  and  more 
iodine  is  slowly  added,  with  constant  stirring,  until  the  whole  of 
the  calculated  amount  is  introduced,  iTie  periodide  separates  in 
fine  shining  needles,  dark  blue  in  color,  and  cannot  be  told  by  its 
appearance  from,  the  periodide  of  triphenylbrommethane.  It  is 
filtered,  washed  with  a  little  benzene,  and  dried  in  a  vacuum  desic- 
cator. Unlike  the  hydrocarbon,  or  the  normal  triphenyliodometh- 
ane,  the  periodide  is  stable,  and  can  be  exposed  to  dry  air  without 
fear  of  oxidation.  The  yield  of  the  pure  product  is  from  75  to  80 
per  cent,  of  the  calculated  amount,  one  part  of  triphenylmethyl 
furnishing  three  times  its  weight  of  the  periodide.  It  melts  at 
90°C. 
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The  total  halogen  is  estimated,  according  to  the  method  described 
under  the  periodide  of  the  triphenylbrommethane,  by  reducing 
with  sulphurous  acid  and  precipitating  with  silver  nitrate.  If  the 
periodide  is  dissolved,  or  merely  suspended  in  ether  and  titrated 
with  a  standard  solution  of  sodium  thiosulphate,  it  will  be  found 
that  of  the  six  atoms  of  iodine  onlv  five  can  be  titrated.  This  fact 
is  very  important,  because  it  definitely  proves  that  of  the  several 
atoms  of  iodine  present  ip  the  molecule  there  is  one  that  has  an 
entirely  distinct  function,  and  this  function  corresponds  to  that  of 
the  bromine  in  triphenylbrommethane.  Here  again  the  titration 
must  therefore  be  represented  by  the  following  equations : 

2(CeHR).,CI.I6+  ioNa2S208  = 

2(C0H5)8CI  +  ioNal  +  5Na2S4Oe. 
(CeH.),CI  +  H20  =  (C6H,)8C.OH  +  HI. 

A  few  of  the  many  analyses  made  will  be  given  here. 

0.5470  gram  substance  gave  0.7655  gram  Agl. 

0.5450  gram  substance  gave  0.3592  gram  iodine  by  titration. 

0.8805  gram  substance  gave  0.5788  gram  iodine  by  titration. 

0.4855  gram  substance  gave  0.6755  gram  Agl. 

0.7340  gram  substance  gave  0.4754  gram  iodine  by  titration. 

0.7700  gram  substance  gave  1.0650  grams  Agl. 

0.5680  gram  substance  gave  0.3651  gram  iodine  by  titration. 

Pound. 
Calculated  for  I.  II. 

(CHft)»CIIs 


Total  iodine 75.79        75.65         ....        75.18       75.10 

Titrated  iodine ...  •     63.36       65.91        65.74       64.77       64.40 

The  carbinol  formed  in  the  reduction  was  identified  by  the  melt- 
ing-point, crystalline  form,  and  by  elementary  analysis  as  such. 
Estimations  of  the  yield  of  the  carbinol  gave  results  very  close  to 
those  required  by  the  equation. 

It  will  be  noticed  from  the  figures  of  analysis  that  in  all  in- 
stances the  titrated  iodine  was  a  little  too  high.  This  was 
puzzling,  especially  in  view  of  the  fact  that  the  total  halogen  was 
always  a  little  too  low.  The  cause  of  this  discrepancy  was  finally 
discovered  to  lie  in  the  disturbing  influence  of  the  ether  which  is 
added  in  the  titration.  When  either  of  the  periodides  is  titrated 
with  thiosulphate  there  is  produced,  at  the  early  stages  of  the  titra- 
tion, triphenylbrommethane  or  triphenyliodomethane,  and  these 
form  a  coating  over  the  crystals  of  the  periodide;  the  further 
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action  of  the  thiosulphate  is  in  this  way  hindered.  For  this  reason 
ether  or  some  other  solvent  was  added  to  keep  the  reduction 
products  in  solution.  Triphenylbrommethane  is  affected  by  cold 
water  only  slowly,  while  the  iodide  is  rapidly  hydrolyzed,  giving 
rise  to  the  triphenylcarbinol  and  hydriodic  acid.  It  is  a  well- 
known  fact  that  in  presence  of  certain  substances  hydriodic  acid  is 
far  more  affected  by  light  than  when  pure.  Pinnow1  recently 
showed  that  small  quantities  of  quinine  and  acridine  sulphate  exert 
a  very  appreciable  effect  upon  the  rate  of  oxidation  of  hydriodic 
acid  solutions  in  water  on  exposure  to  light.  I  find  that  ether, 
also,  greatly  accelerates  the  oxidation.  50  cc.  of  a  0.5  per  cent, 
solution  of  hydriodic  acid,  to  which  15  cc.  of  ether  were  added, 
were  exposed  to  ordinary  diffused  daylight  for  five  minutes; 
almost  15  mg.  of  iodine  were  liberated  in  that  short  time.  It  is 
due,  no  doubt,  to  this  influence  of  the  ether  present  during  the 
titration  that  high  results  are  obtained  in  the  case  of  triphenyliodo- 
periodide,  while  in  the  titration  of  the  periodide  of  the  brom- 
compound,  ether  has  but  little  effect,  as  the  solution  remains  nearly 
neutral  till  the  end  of  the  operation.  Other  immiscible  solvents, 
such  as  chloroform,  carbon  disulphide,  etc.,  also  exert  a  marked 
influence  upon  the  rate  of  oxidation.  It  seems  therefore  quite 
probable  that  the  cause  of  this  influence  lies  in  the  greater  solu- 
bility of  the  iodine  in  the  organic  solvent  than  in  water.  The 
equilibrium  being  thus  disturbed,  more  hydriodic  acid  will  be 
oxidited. 

Reactions  of  the  Two  Periodides.  (1)  With  Water. — In  this 
respect  the  two  periodides  behave  absolutely  alike.  It  has  already 
been  mentioned  that  during  titration  with  sodium  thiosulphate  the 
triphenylcarbinol  is  formed.  The  same  result  can  be  reached 
without  the  use  of  any  reducing  agent,  simply  by  boiling  the 
periodides  with  water.  Reduction  of  the  iodides  with  a  dilute 
solution  of  sulphurous  acid,  as  described  under  the  estimation  of 
the  total  halogen,  gave  especially  good  results,  the  carbinol  in  both 
instances  being  formed  quantitatively,  and  requiring  no  further 
purification.  The  carbinol  was  identified  by  its  characteristic 
crystalline  form  and  its  melting-point  (i6i°-i62°  C.)  as  well  as 
bv  elementary  analysis.  There  can  be  no  doubt  that  in  so  far  as 
the  reaction  with  water  is  concerned  the  two  periodides  show  ex- 
actly the  same  behavior. 
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(2)  Reaction  with  Alcohols. — When  triphenylbrom-  or  tri- 
phcnyliodoperiodidc  is  boiled  with  alcohol,  and  the  excess  of 
the  iodine  liberated  in  the  reaction  is  removed  by  means  of  a 
solution  of  potassium  iodide  in  water,  the  residue  is  triphenyl- 
methane.1  This  formation  of  the  hydrocarbon  is  not  a  result  of 
the  action  of  alcohol  alone,  but  is  caused  by  the  hydriodic  acid  re- 
sulting from  the  interaction  of  the  iodine  and  alcohol.  This  was 
established  first,  by  a  blank  experiment  with  hydriodic  acid  and 
triphenylbrommethane ;  and  second,  by  the  following  experiment, 
formed  on  each  of  the  two  periodides  separately:  The 
periodide  was  suspended  in  absolute  alcohol,  and  to  the  solu- 
tion small  amounts  of  zinc  dust  were  added,  with  constant  stirring, 
until  all  the  iodine  was  taken  up  by  the  zinc  and  the  solution 
became  clear.  Water  was  now  added,  and  the  precipitated  carbinol 
ether  was  freed  from  the  alcohol  and  zinc  iodide  by  filtration,  and 
dried.  The  residue  was  recrystallized  from  ether  and  was 
identified  as  absolutely  pure  ethyl  ether  of  triphenylcarbinol, 
(C6HB)8COCtHft.  No  other  products  but  the  one  mentioned 
were  found.  That  the  function  of  the  zinc  is  no  other  than  that 
of  removing  the  "periodine"  is  quite  evident  from  the  fact  that 
equally  good  results  were  obtained  by  substituting  molecular  silver 
for  zinc.  The  action  of  alcohol  upon  the  two  periodides  is  there- 
fore the  same: 


(C.Hi),CBrIi  +  5Agj  +  C.H.OH  = 

(CiH6),COC,H6  +  HBr  +  5AgI. 

(C.HQ.CIjI,  +  5  Agl  +  CtH6OH  =  (CtH8)tOC,H6  +  HI  +  5AgI. 

In  order  to  more  positively  insure  the  identity  of  the  carbinol 
ethers  an  attempt  was  made  to  convert  them  into  the  acetyl  deriva- 
tive. According  to  Allen  and  Kolliker'  the  carbinol  ether  reacts 
with  acetyl  chloride  as  follows : 

((^Hs)tC.OCaHt  +  GH.CO.C1  =  (C6H5)sCOCaH80  +  C,H5CL 

They  give  figures  of  analysis  of  the  substance  described  by  them  as 
the  acetyl  derivative,  and  also  found  the  melting-point  to  be  at 
99°  C. 

The  carbinol  ethers  obtained  by  me  from  the  periodides  were 
subjected  to  the  action  of  acetyl  chloride.  They  dissolved  in  acetyl 
chloride  with  an  evolution  of  heat,  but  there  was  no  ethyl  chloride 

1  TbU  Journal,  aa,  768. 

*  Ann.  Chtm.  (I4ebig),  aaj, 117. 
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given  off.  On  cooling,  white  crystals  separated.  These  were  re- 
crystallized  from  petroleum  ether,  and  the  substance  was  obtained 
in  .mow-white,  perfectly  transparent  prisms.  The  melting-point, 
however,  was  found  to  be  not  at  990  C.  but  at  11 2°  C.  A  closer 
examination  of  the  substance  established  the  fact  that  it  was 'not  at 
all  the  acetyl  compound,  but  pure  triphenylchlormethane.  The 
discrepancy  between  the  results  of  Allen  and  Kolliker  and  those 
which  I  have  obtained  are  not  due  to  the  presence  of  some  foreign 
substance  in  the  carbinol  ethers  which  were  made  from  the  per* 
iodides.  A  sample  of  the  carbinol  ether  was  made  from  absolutely 
pure  triphenylchlormethane;  it  was  recrystallized  from  alcohol 
and  from  petroleum  ether,  was  absolutely  free  from  halogen,  and 
melted  at  830  C,  as  given  by  Allen  and  Kolliker.  3.2  grams  of 
this  ether  gave  on  treatment  with  acetyl  chloride  2.90  grams  of 
perfectly  pure  triphenylchlormethane,  while  the  calculated  quan- 
tity should  have  been  2.95  grams. 

0.2446  gram  substance  gave  0.7312  gram  C02  and  0.1268  gram 
HX). 

0.5600  gram  substance  gave  0.2870  gram  AgCl. 

Calculated  for 
(CeHft),CCl.  Pound. 

Carbon    81.84  81.52 

Hydrogen 5.44  5.76 

Chlorine 12.75  12.QS 

It  is  evident  that  the  action  of  acetyl  chloride  proceeds  as 
follows : 

(C0HC)3C.OC2H5  +  CH3COCl  =  (C0H,)3CCl  +  CH,COOCtHB. 

I  also  tested  this  action  on  the  methyl  and  the  propyl  ethers  of 
triphenylcarbinol,  and  found  that  they,  too,  give  pure  triphenyl- 
chlormethane. 

This  action  of  acetyl  chloride  is  entirely  analogous  to  that  of  the 
halogen  acids.  Silva1  found  that  hydriodic  acid  decomposes 
mixed  ethers,  the  halogen  combining  with  that  radical  which  con- 
tains the  smaller  number  of  carbon  atoms.  Lippert*  confirmed 
this  also  for  hydrochloric  and  hydrobromic  acids  on  a  large  num- 
ber of  primary  and  secondary  ethers.  But  the  tertiary'  ethers,  as 
was  shown  recently  by  Mammontoff,3  behave  in  this  respect  differ- 
ently.    They,  too,  are  readily  decomposed  by  halogen  acids,  but 

1  Ann  chin*,  phvs.,  [5],  7,  419. 

*  Ann.  Chrm.  (Uebig),  376,  148. 

*  Jonf.  Rhss.  ph¥$.  chim.  sor..  19,  236. 
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the  halogen  unites  with  the  radical  which  contains  the  larger 
number  of  carbon  atoms,  as  was  shown  bv  Mammontoff  on  the 
ethyl  and  propyl  ethers  of  triphenylcarbinol, 

(C6H5)8C.OR  +  HX  =  (C.H5)8C.X  +  R.OH. 

The  two  reagents,  hydrogen  halide  and  acetyl  halide,  act  therefore 
similarly  upon  triphenylcarbinol  ethers. 

Whether  the  substance  described  by  Allen  and  Kolliker  was 
really  the  acetyl  derivative  or  not,  I  cannot  say.  The  low  results 
which  they  got  for  hydrogen  correspond  better  for  triphenylchlor- 
methane.  An  attempt  will  be  made  to  prepare  the  acetyl  deriva- 
tive bv  some  other  method. 

Methyl  alcohol  gave,  with  the  periodides,  the  methyl  ether  of 
the  carbinol  melting  at  820  C.  With  propyl  alcohol  the  propyl 
ether  was  obtained. 

(3).  Action  of  Metals. — The  action  of  metals  upon  the  per- 
halides  in  neutral  solvents  such  as  ether,  benzene,  and  acetic  ester, 
results  in  the  formation  of  the  same  unsaturated  hydrocarbon,  tri- 
phenylmethyl,  which  is  produced  when  the  normal  halides  are 
subjected  to  the  same  treatment.  Of  the  different  metals  tried, 
zinc  was  found  to  give  the  most  satisfactory  results.  Both  per- 
iodides gave  exactly  the  same  results.  The  reaction  is  as  follows: 
(CflH5)3CBrI3  -f  6zn  =  (CflH,)3C  +  znBr  +  sznl. 
(CCH5)3CLL,  +  6zn  =  (CeH5)3C  +  6znl. 

From  all  that  has  been  given  in  regard  to  the  behavior  of  the 
two  periodides  we  must  conclude  that  the  two  react  in  every 
respect  alike.  Hence,  they  must  not  only  have  an  analogous  com- 
position, but  also  a  similar  constitution.  Consequently,  the  nor- 
rnal  halides  which  gave  rise  to  the  perhalides  must  also  have  an 
analogous  constitution : 


n    -.9 


1 


<_>-C-Br  O-C-1 


I      I 

5.      TRIPHENYUODOMETHANE. 

In  the  first  paper  upon  triphenylmethyl  it  was  reported  that  tri- 
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phcnyliodomethane  was  obtained.  The  yield  of  this  product  was, 
however,  so  small  that  only  one  analysis  and  a  few  qualitative  tests 
were  made.  From  20  grams  of  triphenylchlormethane  not  more 
than  1  gram  of  the  iodo-body  wa5  obtained.  Although  the  re- 
actions with  ammonia  and  with  the  substituted  amines,  as  well  as 
the  behavior  of  the  periodide,  showed  conclusively  that  the  sub- 
stance produced  by  the  addition  of  iodine  to  triphenylmethyl  is  the 
normal  triphenyliodomethane,  yet  it  appeared  desirable  to  isolate 
the  iodide  itself  in  order  to  study  its  reactions  directly.  Of  all 
the  methods  tried  the  following  has  given  the  best  results:"  Tri- 
phenylmethyl is  placed  in  a  flask  filled  with  dry  carbon  dioxide 
gas.  A  dilute  solution  of  iodine  in  petroleum  ether  is  added 
slowly  to  the  hydrocarbon,  the  temperature  of  the  flask  being  kept 
at  about  6o°-7o°  C.  On  cooling,  there  separates  first  a  white 
crystalline  substance,  and  later  the  iodide  in  clusters  of  large 
yellow  prisms.  The  supernatant  liquid  is  carefully  decanted,  the 
residue  washed  with  petroleum  ether,  and  dried  in  a  stream  of 
carbon  dioxide.  The  crystals  of  the  iodide  can  then  be  detached 
from  the  flask,  and  are  at  once  put  away  in  a  closed  bottle.  I  was 
able  by  this  method  to  get  2.5  grams  of  the  iodide  from  2.3  grams 
of  triphenylmethyl.  The  iodine  was  estimated  by  boiling  the 
iodide  with  a  dilute  solution  of  sodium  hydroxide  containing  a 
small  amount  of  sulphurous  acid,  ami  precipitating  the  iodine  in 
the  filtered  solution  with  silver  nitrate. 

I.  0.4620  gram  substance  gave  0.2982  gram  Agl. 
II.  0.5040  gram  substance  gave  0.3240  gram  Agl. 

Calculated  for  Pound. 

(QHR)«CI.  I.  II. 

Iodine 34.29  35.05  34.72 

The  iodide  possesses  a  light  yellow  color,  but  on  exposure  to 
light  it  darkens  rapidly.  The  color  of  the  iodide  can  best  be 
observed  when  the  substance  is  placed  under  ether,  as  it  is  only 
sparingly  soluble  in  that  solvent.  It  is  soluble  in  hot  acetic  ether, 
but  only  slightly  in  cold.  It  is  quite  soluble  in  benzene  and  in 
carbon  disulphide.     It  melts  at  1320  C.1 

With  water  it  reacts  exactly  in  the  same  manner  as  the  tri* 
phenylchlor-  and  brommethane,  and  gives  the  carbinol.  This  was 
so  pure  that  it  melted  as  obtained  at  161  °  C. 

0.3443  gram  substance  gave  1.1003  grams  COs  +  0.2027  gram 
H20. 

*  In  my  first  paper  the  melting-point  of  the  iodide  was  given  as  about  1350  C 
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Calculated  for 

(C«H»),C.OH.  Pound. 

Carbon 87.64  87.15 

Hydrogen 6.21  6.53 

With  alcohol,  on  heating,  it  gives  triphenylmethane,  which,  how- 
ever, is  due  to  secondary  reactions,  just  as  is  the  case  with  the  per- 
iodide.  But  when  treated  with  alcohol  in  the  cold,  and  better  still 
with  the  addition  of  a  little  molecular  silver,  it  gives  the  ether  of 
the  carbinol,  just  like  the  chloride  and  bromide  of  triphenyl- 
methane, 

(C,H5)SCI  +  HOC2H5  =  (C.H5)aCOC2HB  +  HI. 

With  metals  the  reaction  is  again  perfectly  similar  to  that  of 
triphenylchlor-  and  brommethane:  triphenylmethyl  is  formed, 
which,  on  exposure  to  air,  gives  the  insoluble  peroxide, 

(C.He),CI  +  Ag  =  (C.H,),C  +  Agl. 

When  in  solution,  the  iodo-compound  decomposes  readily,  with 
liberation  of  some  free  iodine.  Its  reaction  with  oxygen  is  es- 
pecially interesting.  When  a  solution  of  the  iodide  is  allowed  to 
come  in  contact  with  air,  or  when  oxygen  is  passed  through  the 
solution,  iodine  is  liberated  at  once,  and  combines  with  a  portion  of 
the  undecomposed  iodide,  forming  the  insoluble  periodide1;  also 
triphenylmethyl  peroxide  is  produced.  The  decomposition  by 
oxygen  is  not,  however,  as  smooth  as  indicated  by  the  equation 

i2(CiH6),CI  +  5O,  =  2(C.H6)8CI.I5  + 

5(C.H,),C-0-0-C(C.Hi)„ 

but  depends  upon  a  number  of  circumstances,  such  as  the  nature  of 
the  solvent,  whether  the  oxygen  be  dry  or  moist,  etc.  This  sus- 
ceptibility to  the  action  of  oxygen,  no  doubt,  is  one  of  the  principal 
causes  why  previous  attempts2  to  prepare  this  substance  have 
failed. 

It  should  be  noticed  that  in  the  preparation  of  the  iodo-com- 
pound there  was  also  isolated  a  small  amount  of  a  substance  which 
melts  only  a  few  degrees  lower  than  the  triphenylmethyl  peroxide, 
namely  at  I77°-I78°  C,  and  which  possesses  almost  exactly  the 
same  solubilities  as  the  peroxide.    There  is,  however,  reason  to 

1  The  periodide  comes  down  in  exceptionally  beautiful  crystals,  of  green  iridescence. 
Analyses  point  that  it  is  more  likely  the  tetraiodide,  (CeH^iCI.I*  Organic  bases  also  give 
lower  periodides  when  the  iodine  is  not  directly  added,  but  formed  slowly  in  the  solution, 
aa  by  the  oxidation  of  hydriodic  acid.  So  caffeine  under  these  conditions  gives  the  diio- 
dide  in  contrast  to  the  tetraiodide,  which  is  ordinarily  formed.    This  Journal,  18,  1. 

*  Jour.  Russ.  Pkys.  and  Cheat.  Soc.t  ao,  338. 
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believe  that  it  is  not  the  peroxide,  but  a  decomposition  product  of 
the  iodide,  because  it  was  obtained  in  certain  reactions  in  which 
the  pure  iodide  was  employed.  The  small  quantity  available  did 
not  suffice  for  a  complete  identification  of  this  body. 

Action  of  Silver  Chloride. — When  a  solution  of  triphenylbrom- 
methane  in  benzene  is  shaken  for  several  davs  with  silver  chloride, 
dried  at  2000  C,  it  is  completely  converted  into  triphenylchlor- 
methane.  As  the  bromide  can  be  obtained  very  pure  this  method  of 
converting  it  into  the  chloride  offers  one  of  the  best  methods  for 
getting  the  latter  absolutely  pure,  when  it  is  desired  for  physical 
constants.  The  conversion  of  the  iodide  into  the  chloride  is  not  as 
smooth  as  that  of  the  bromide.  The  reaction  is  necessarily  slow 
because  of  the  practically  complete  insolubility  of  silver  chloride  in 
benzene.  The  longer  the  time  of  the  reaction  the  more  of  the 
triphenyliodomethane  becomes  decomposed  in  various  other  ways. 
The  chloride  of  silver  must  be  as  finely  divided  as  possible.  It  was 
prepared  by  precipitating  it  in  water  in  the  usual  manner,  washing 
the  precipitate  successively  with  alcohol,  absolute  ether,  and  ben- 
zene. It  was  kept  under  benzene  until  needed  for  the  reaction. 
2.5  grams  of  triphenyliodomethane  gave  about  1  gram  of  the  crude 
thloride.  It  was  necessarv  to  recrvstallize  the  latter  several  times 
in  order  to  free  it  from  the  accompanying  decomposition  products 
of  the  iodide.  Individual  crystals  could  be  picked  out  which 
possessed  the  crystalline  form,  the  solubilities,  and  the  melting- 
point  of  triphenylchlormethane. 

0.4410  gram  substance  gave  0.1867  gram  AgCl. 

Calculated  for 
(C«Hft)aC.Cl.  Found. 

Chlorine 12.75  IO-45 

6.      FORMATION  OF  DOUBLE  SALTS. 

It  was  already  mentioned  that  when  zinc  is  allowed  to  act  upon 
triphenylchlormethane  the  zinc  chloride  formed  in  this  reaction 
unites  with  a  portion  of  the  still  unreduced  triphenylchlormethane. 
This  combination  is  a  heavy  oil,  perfectly  insoluble  in  benzene, 
only  very  slightly  in  ether,  and  readily  in  acetic  ester.  The  com- 
pound is  something  iri  the  nature  of  a  double  salt.  It  can  also  be 
prepared  by  adding  a  solution  of  zinc  chloride  in  ether  to  a  solu- 
tion of  triphenylchlormethane  in  any  solvent.  All  attempts  to 
induce  the  oil  to  crystallize  have  proved  fruitless.     This  tendency 
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on  the  part  of  triphenylchlormethane  to  enter  into  combination 
with  salts  of  metals  is  by  no  means  limited  to  zinc  chloride.  A 
compound  of  this  nature  with,  aluminum  chloride  was  de- 
scribed by  Norris.1  The  halide  salts  of  mercury,  tin,  and 
antimony  also  give  such  combinations.  Nor  is  it  triphenyl- 
chlormethane alone  that  enters  with  metals  into  these  peculiar 
combinations.  It  seems  to  be  a  property  apparently  com- 
mon to  all  the  phenylhalogenmethanes.  These  compounds  are 
quite"  easily  formed  by  triphenylbrommethane,  tritolylchlor- 
methane,  diphenyldichlormethane,  diphenylbrommethane,  and  in 
some  instances  even  benzotrichloride  gives  rise  to  such  derivatives. 
There  can  hardly  be  any  doubt  that  this  forms  a  general 
reaction  which  is  shared  not  only  by  all  phenylated  halogen- 
methanes,  but  will  be  found  to  belong  to  analogous  ethane  and 
propane  derivatives.  In  accordance  with  this  I  find  that  triphenyl- 
iodomethane  also  gives  combinations  with  a  great  many  salts  of 
metals. 

Why  these  halogenmethanes  should  at  all  give  these  combina- 
tions, is  a  question  which  requires  further  study.  We  are 
accustomed  to  think  that  usually  substances  themselves  basic  in 
nature  form  double  salts  with  metals.  But  here  we  have  a  set  of 
bodies  which  are  supposedly  non-basic;  on  the  contrary,  they 
share  more  the  properties  of  acyl  chlorides,  and  yet,  they 
behave  as  salts  of  basic  radicals.  It  is  remarkable,  that  all 
these  bodies  possess  intense  color,  from  yellow  to  dark  red,  irre- 
spective of  whether  the  metal  itself  is  colored  or  not.  When  first 
formed  they  are  oils,  but  on  scratching  or  cooling,  most  of  them 
change  to  the  crystalline  form.  Water  and  alcohol  decompose 
these  salts ;  they  can  be  prepared,  therefore,  only  in  such  solvents 
as  ether,  benzene,  carbon  disulphide,  etc. 

Benzotrichloride  gives  with  antimonic  chloride  an  orange-red 
precipitate.  As  this  is  formed  even  in  absence  of  benzene  it  cannot 
be  due  to  a  previous  condensation  of  the  trichloride  to  triphenyl- 
chlormethane. 

Bcnzophenone  Chloride,  (Cei/5)2C.C72,  forms  dark  red  crystal- 
line compounds,  both  with  antimonic  chloride  and  with  stannic 
chloride. 

Diphenylbrommethane,  (CQH^)2CHBr,  gives  similar  salts  with 

1  Am.  Chcm.J.y  ag,  54. 
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the  above-mentioned  reagents.    They  have  not  been  analyzed. 

The  compound  of  triphenylchlormethane  with  zinc  chloride 
could  not  be  brought  to  crystallization.  With  stannic  chloride, 
however,  it  is  easily  obtained  in  beautiful  crystals  on  the  addition 
of  a  benzene  solution  of  the  metal  salt  to  one  of  triphenylchlor- 
methane. The  composition  of  this  substance  is  identical  with  the 
one  recently  described  by  Kehrmann.1 

0.2535  gram  substance  gave  0.3364  gram  AgCl. 

Calculated  for 
(CtHft)«C.Cl  +  8nCU.  Pound. 

Chlorine 32.96  32.78 

With  antimonic  chloride,  the  formation  of  the  double  salt  is 
almost  instantaneous,  the  precipitate  consisting  of  fine  red  crystals. 
0.7103  gram  substance  gave  0.2264  gram  Sb,S5. 
0.3261  gram  substance  gave  0.4785  gram  AgCl. 

Calculated  for 
(CeH|)«C.Cl  +  SbCU.  Pound. 

Antimony 20.84  x912 

Chlorine 36.94  36.30 

Crystalline  salts  were  also  obtained  from  triphenylchlormethane 
and  mercuric  chloride,  and  from  triphenylbrommethane  and  mer- 
curic bromide. 

Tritolylchlormethane  possesses,  to  an  unusual  degree,  the  ten- 
dency to  combine  with  halogen  salts  of  metals.  The  number  of 
compounds  which  can  be  so  obtained,  is  limited  only  by  the  number 
of  salts  of  metals  which  can  be  brought  into  solution  in 
some  inert  organic  solvent.  The  salts  are  all  intensely  colored, 
finely  crystalline,  and  are  easily  obtained  exceptionally  pure.  The 
following  few  were  analyzed. 

With  sine  chloride  in  acetic  ester,  orange-red  crystals  were  ob- 
tained. 

0.5108  gram  substance  gave  0.0920  gram  ZnO. 

0.4283  gram  substance  gave  0.4038  gram  AgCl. 

Calculated  for 
(C«H4CH,),C.C1  +  ZnClt.  Pound. 

Zinc 14.31  14.47 

Chlorine 23.31  23.29 

With  ferric  chloride,  in  dry  ether,  the  double  salt  was  precipi- 
tated in  dark  yellow,  long  needles. 

0.3300  gram  substance  gave  0.7720  gram  Fe,Os  and  0.2065 
gram  tritolylcarbinol. 

1  Bcr.  d.  ckem.  G*t.>  34,  3S18. 
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Iron.... 
Carbinol 


Calculated  for 
(QR.CHjJgC.Cl  +  FeCl,. 

«.74 

63.IO 


Pound. 
12.13 
62.60 


Mercuric  chloride,  in  acetic  ester,  gives  a  beautiful,  bright  red 
double  salt. 

0.3060  gram  substance  gave  0.1205  gram  HgS  and  0.1552  gram 
carbinol. 


Mercury 
Carbinol 


Calculated  for 
(C|H4CHt)«C.Cl.  HgClf. 

33.84 

50.86 


Found. 
33.88 
50.82 


Triphenyliodomethane  shares  with  the  halogenmethanes  this  pe- 
culiar property  of  entering  into  combinations  with  metals.  It,  too, 
gives  a  series  of  such  bodies,  but  in  many  instances  the  formation 
of  the  double  salt  is  accompanied  by  a  partial  oxidation  of  the 
iodo-compound.  In  most  instances  the  formation  of  the  salts  was 
shown  only  in  a  qualitative  way,  leaving,  however,  no  room  for 
doubt  that  the  iodide  is  in  this  respect,  as  in  all  others,  entirely 
analogous  to  triphenylbrom-  and  triphenylchlormethane. 

Stannic  chloride,  even  in  very  dilute  solutions,  gives  a  dark  red 
crystalline  precipitate. 

Antimonic  chloride,  for  the  most  part,  decomposes  the  iodo- 
compound,  with  liberation  of  iodine. 

Zinc  chloride  and  bromide  give  double  salts  which  remain  as 
oils,  but  with  sine  iodide  the  salt  becomes  crystalline  on  scratching 
the  oil.     It  is  of  a  dark  red,  almost  black,  color. 

SUMMARY. 

The  experimental  work  detailed  in  this  paper  can  now  be  sum- 
marized as  follows: 


Triphenylchlormethane  and  tri- 
phenylbrommethane. 

1.  Empirical  composition : 
CitHijCljCiiHijBr. 

2.  React  with  water  readily  and 
give  triphenyl  carbinol.  With 
alcohol  the  ether  ia  formed.  With 
silver  chloride  the  bromide  gives 
triphenylchlormethane. 

5.  With  ammonia  the  amine, 
(CtHft),CNHt,  ia  produced. 


The  iodo-compound  formed  on  the 
addition  of  iodine  to  the  un- 
saturated hydrocarbon. 

I.  CltHuI. 

a.  Reacts  with  water  and  with 
alcohol,  and  gives  the  same  product! 
as  the  bromide  and  the  chloride. 
With  silver  chloride,  triphenyl- 
chlormethane is  formed. 

3.  Gives  with  ammonia  the  same 
amine,  almost  quantitatively. 
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4.  React  with  substituted  amines  4.  Gives  with  amines  also  the 
and  give  the  corresponding  bases  same  substituted  bases;  in  some 
(C6H5)3CNHR.  cases  quantitatively. 

5.  The  bromide  gives  rise  to  a  5.  Forms  with  iodine,  with  about 
perbromide  and  also  to  a  periodide  the  same  yield,  a  similar  pen  tiodide, 
(C€H5),CBr.Br6 :  (C6H6)$CBr.I5.  (C6H5),CI.I5. 

6.  When  acted  upon  by  metals  6.  Exactly  the  same  unsaturated 
the  chloride  and  the  bromide  give  hydrocarbon  is  produced  by  the 
an  unsaturated  hydrocarbon,  which,  action  of  metals  upon  the  iodo- 
on  exposure  to  air,  forms  triphenyl-  compound. 

methyl  peroxide, 

(CeH5),C-0-0-C(C,H5),.  ..,.,, 

7.  Both   unite    with    halides   of  7-  Forms  Slimlar  double  salts. 

metals,   forming    combinations  of 
the  nature  of  double  salts. 

The  facts  described  fully  justify,  I  believe,  the  following  con- 
clusions : 

1.  The  iodo-compound  is  triphenyliodomethane,  and  its  consti- 
tution must  be  entirely  analogous  to  that  of  the  corresponding 
bromide  and  chloride, 

C.H,\ 

C.H$-C-I. 

C.H./ 

2.  All  the  iodine  added  in  the  titration  of  the  hydrocarbon  is 
used  up  in  the  formation  of  this  iodomethane ;  in  other  words,  all 
the  iodine  is  taken  up  by  one  carbon  atom. 

If  these  facts  are  to  be  interpreted  in  terms  of  the  valence  theory 
it  must  be  admitted,  that  in  case  the  hydrocarbon  here  described  is 
really  unsaturated,  then  we  are  dealing  with  a  case  of  unsaturation 
which  is  entirely  distinct  in  its  nature  from  what  is  generally 
designated  by  this  term.  The  unsaturation  of  one  carbon  atom 
in  a  molecule  always  implies  a  simultaneous  unsaturation  of 
another  atom  in  the  same  molecule.  In  case  of  a  hydrocarbon 
this  second  atom  must,  evidently,  also  be  a  carbon  atom.  We  are 
accustomed  to  represent  graphically  such  a  state  of  unsaturation 
by  a  "double  linking".  In  becoming  saturated,  as  by  the  addition 
of  halogens,  each  of  the  two  atoms  performs  a  similar  function, 
each  taking  up  one  atom  of  halogen : 

>C  =  C<  +2l=>C-C< 

I        I 
I       I 

I  am  not  aware  of  any  exceptions  to  this  general  rule.     But  in  the 

case  of  the  unsaturated  hydrocarbon  under  consideration  all  the 
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iodine,  as  I  have  shown,  goes  to  one  carbon  atom.  Hence,  in  the 
language  of  the  valence  theory,  the  unsaturation  must  be  limited 
in  this  instance  to  one  carbon  atom  in  the  molecule.  The  hydro- 
carbon must  therefore,  from  this  point  of  view,  be  represented  by 
the  constitution 

C,H,\ 
C,Hj— -C. 
C.H,/ 

The  numerous  facts  which  have  been  known  for  a  long  time, 
and  which  can  be  looked  upon  as  supporting  this  view,  were  cited 
in  the  first  paper1  upon  trivalent  carbon.  In  a  paper  of  recent 
date  Thiele*  expresses  the  opinion,  that  apart  from  the  facts  cited 
by  me  the  existence  of  triphenylmethyl  is  no  less  supported  by  his 
theory  of  conjugated  linkings  and  partial  valencies.  According 
to  Thielev  we  have  here  a  case  wherein  the  fourth  valence  of  a 
methyl  carbon  atom  is  affected  by  the  residual  affinities  of  three 
phenyl  carbon  atoms.  Such  a  neutralization  of  a  valence  of  one 
carbon  atom  by  three  residual  affinities  of  three  other  atoms  is 
equivalent  to  a  certain  extent  in  its  effect  to  what  we  have  in 
Thiele's  "conjugated  system  of  double  bonds",  a  stability  not  ordi- 
narily present  in  unsaturated  compounds.  It  will  be  noticed  that 
this  explanation  involves  a  distribution  of  one  valence  of  an  atom 
in  a  certain  indefinite  way  to  several  other  atoms, — a  theory  not 
unlike  Baeyer's  "centric"  theory  of  the  constitution  of  benzene. 

We  may  then  arrange  the  derivatives  of  the  hydrocarbon  in  a 
series,   in   order  of   increasing   stability,   something   like  this: 

1.  The  unsaturated  hydrocarbon,  (C6H5),C. 

2.  Its  ester  and  ether  derivatives,  obtained  from  1.  They,  too, 
act  as  unsaturated. 

3.  Triphenyliodomethane,  (CeH8)8CI,  can  be  obtained  from  1 
and  2. 

4.  Triphenylmethyl  peroxide,  (CeHB)8COOC(CeH5)B,  is  ob- 
tained from  1,  2,  and  3. 

We  see  that  iodine  can  displace  ethers  and  esters,  and  that  oxygen 
can  displace  even  iodine.  The  question  comes  up,  is  not  the  un- 
saturation of  the  hydrocarbon  merely  apparent  unsaturation? 
Perhaps,  we  have  here  a  case  similar  to  Curtius'  diazoacetic  ester 

1  This  Journal,  aa,  770. 

*  Ann.  Chem.  (I*iebig ).  319, 134- 
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or  to  Pechmann*s  diazomethane.  Both  these  substances  absorb 
iodine1  even  in  dilute  solutions;  in  fact,  they  can  be  titrated  by 
means  of  this  reagent,  the  halogen  replacing  quantitatively  the  azo 
group.  Perhaps  the  unsaturated  hydrocarbon  here  described  has 
the  composition  (C0Hft)3C — R,  and  this  group  R  is  being  simply 
replaced  by  iodine,  like  the  azo  group  in  the  two  examples  men- 
tioned. If  we  assume  that  the  R  has  a  molecular  weight  equal  to 
about  one-fourth  of  that  of  triphenylmethyl,  then  we  have  an  ex- 
planation why  the  unsaturated-likc  hydrocarbon  takes  up  only 
four-fifths  of  the  amount  of  iodine  calculated  for  triphenylmethyl. 

Against  this  view  there  are,  it  seems  to  me,  a  number  of  very 
valid  reasons.  In  the  first  place,  not  taking  into  consideration 
unsaturated  substances  like  fumaric  and  maleic  acids,  which  take 
up  no  iodine  at  all  in  an  alcoholic  solution,  there  are  a  number  of 
unsaturated  bodies,  others  than  triphenylmethyl,  which  absorb  only 
from  10  to  80  per  cent,  of  the  calculated  amount  of  iodine.  Thus, 
crotonic  and  cinnamic  acids  absorb  only  about  8  per  cent.,  styracine 
about  43,  and  allyl  alcohol  85  per  cent.2  In  the  second  place,  by  a 
series  of  experiments  with  different  metals  and  with  a  variety  of 
solvents,  it  was  established  that  the  fourth  radical,  if  there  be  any, 
cannot  come  from  the  solvent.  Thirdly,  as  will  be  shown  in  a 
paper  soon  to  be  published,  this  radical  cannot  come  from  the 
partial  decomposition  of  triphenylchlormethane  either.  Strictly 
quantitative  experiments  on  samples  of  20  grams  of  triphenyl- 
chlormethane proved  that  the  hydrocarbon  can  be  obtained  in 
yields  of  from  85  to  90  per  cent,  of  the  calculated  amount. 

Taking  all  these  facts  into  consideration  it  seems  to  me  that  the 
constitution  of  the  usaturated  hydrocarbon  is  best  represented  as 
(C6HB)8C. 

Further  study  of  the  hydrocarbon  itself  as  well  as  of  its  behavior 
towards  different  oxygen  and  nitrogen  derivatives  is  in  progress. 

To  Mr.  M.  Hanson,  who  assisted  me  in  the  prosecution  of  thi  r 
work,  I  desire  to  express  my  thanks. 

Aitic  Arbor,  Michigan, 
April,  190a. 

1  J.prakt.  Ota*.,  36, 42a;  Btr.  d.  cfum.  Gfs.%  %j,  1889. 

•  I*wkowitsch:  "Chemical  Analysis  of  Oils  and  Pats,"  p.  176. 
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The  two  general  classes  of  ammonium  tungstates  are  designated 
paratungstates  and  metatungstates.  Laurent*  first  proposed 
the  name  paratungstates,  giving  to  these  salts  the  formula 
SM20.i2WOs.nH20,  which  was  confirmed  by  Marignac8  who  also 
presented  numerous  other  types.  The  metatungstates  were  first 
prepared  by  Margueritte,4  but  their  name  was  suggested  by 
Laurent.  Later  Scheibler  and  Marignac  studied  them  and  ar- 
ranged them  under  the  general  formula  M20.4W03.nHaO.  From 
the  numerous  formulas  proposed  for  the  type  members,  these  seem 
best  established,  and  the  salts  used  in  the  present  study  conformed 
to  them. 

SOLUBILITY  OF  AMMONIUM  PARATUNGSTAT& 

(NH4)10W12O41.iiHaO. 
The  solubility  of  the  "para  salt,"  as  given  by  different  chemists, 
is  as  follows : 

Investigator.  Ratio  of  salt  to  water.  Temperature. 


J5-28  M  Cold  " 

26.1  10. 70 

333  "  Cold  " 

5.8-9.6  ioo° 

22-38  i5°-i8c 

593  *6° 

69.8  21° 

74  210 

52.7  29° 


Anthony 1 

Lotz 1 

Lotz 1 

Lotz 1 

Marignac 1 

Taylor 1 

Taylor 1 

Taylor 1 

Taylor 1 

Solubility  op  Ammonium  Mbtatungstatb. 

Lotz 1:0.84  1 50 

Riche 1  10.35  "Ordinary" 

These  discrepancies  are  irritating.  When  ammonia  is  passed 
into  water  containing  tungstic  acid,  a  white  substance  remains 
which  has  been  called  "paratungstate,"  but  which  is  remarkably 
insoluble.  It  is  far  more  insoluble  than  any  ammonium  paratung- 
state met  w  ith  in  the  present  investigation. 

1  Prom  the  author's  theiia  presented  for  the  Ph.D.  degree,  1901. 
9  Ann.ckim.  pkys.  [3],  31,54  (1847). 
»  /ML  [3].  6o,  24  (1863). 
•  Ibtd.  [3J,  17.  475  (1846). 
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AMMONIUM    PARATUNGSTATK. 
(NH4)10W12O4l.IlH2O. 

When  a  solution  of  "para  salt"  is  evaporated  at  slightly  elevated 
temperature,  monoclinic  needles  crystallize  out ;  when  evaporated 
at  a  boiling  temperature,  flat  plates  appear.  These  needles  have 
been  described  as  orthorhombic  prisms  by  Kerndt,  Schabus  and 
Marignac.  Examined  microscopically  in  polarized  light  they 
show  an  apparent  parallel  extinction,  and  give  a  biaxial  inter- 
ference figure,  with  the  acute  bisectrix  parallel  to  the  long  axis  of 
the  crystal,  and  therefore  appear  to  be  orthorhombic,  but  give  these 
orthorhombic  reactions  on  account  of  their  remarkable  twinning 
structure,  which  closely  resembles  the  wedge-shaped  penetration 
figures  seen  in  the  hydrated  zeolites, — more  particularly  stilbite, 
which  is  orthorhombic  in  form  but  is  a  complicated  monoclinic 
twin.  It  is  an  interesting  fact  that  these  ammoniated  and  hy- 
drated crystals  exhibit  the  same  internal  structure  as  the  hydrated 
zeolites. 

Crops  of  crystals  usually  consist  of  mixtures  of  needles  and 
plates  in  varying  proportion;  many  previous  analyses  have  un- 
doubtedly been  made  with  such  material.  Such  a  mixture,  con- 
sisting largely  of  needles,  was  digested  for  three  days  in  forty 
times  its  weight  of  water.  The  water  was  removed  and  the  same 
amount  added  and  allowed  to  stand  again  for  three  days.  The 
needles  remaining  contained  no  admixed  plates.  This  separation 
does  not  prove  that  the  plates  are  the  more  soluble,  for  they  are 
smaller  and  would  therefore  dissolve  out  first.  But  whatever  the 
reason  for  this  separation,  the  purpose  in  view  was  accomplished : 
the  needles  were  isolated.  These  on  analysis  gave  the  following 
data: 

Tungsten  trioxide,  determined  by  ignition  in  a  porcelain 
crucible : 

"Para  needles."  WO,.  WO*. 

Grama.  Grams.  Per  cent. 

4.OOI6  3.4395  85.95 

3-1344  2.6938  85.94 

The  ammonia  was  determined  by  the  usual  distillation  and  titra- 
tion method. 

••Para  needle*."  NH,.  NHa. 

Grams.  Gram.  Per  cent. 

2.9265  O.15370  5.25 

2.I002  O.IO983  5.23 
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The  water  was  determined  as  follows:  The  salt  was  covered 
with  lead  oxide,  and  ignited  in  a*  combustion  tube  in  a  current  of 
dry  air ;  the  water  and  ammonia  were  caught  in  sulphuric  acid  and 
weighed.  Subtracting  from  this  weight  that  of  the  ammonia,  the 
weight  of  the  water  was  obtained. 

"Para  needles."  NH,  +  H«0.  Water. 

Grams.  Gram.  Per  cent. 

I.2458  O.1813  9.3I 

I.0636  O.1536  9.20 

I.5988  O.2262  8.9I 

These  values  correspond  to  the  formula  (NH4)10W12O41.iiH2O, 
which  requires  WOa,  85.87  per  cent. ;  NH3,  5.24  per  cent. ;  HaO, 
8.88  per  cent. ;  and  are  also  a  confirmation  of  Marignac's  formula. 

When  the  "para  needles"  are  crystallized  from  boiling  water, 
monoclinic  plates  separate  (extinction  parallel  to  diagonal  of 
rhombic  section,  axial  plane  lying  in  the  plane  of  symmetry),  and 
to  obtain  these  with  no  admixed  needles,  it  is  necessary  to  keep  the 
water  at  the  boiling-point,  and  to  remove  the  plates  from  the  boil- 
ing solution  as  fast  as  they  are  formed.  Some  plates  prepared  in 
this  way,  gave  on  ignition  the  following  per  cent,  of  tungsten  tri- 
oxide: 


"Para  plates." 

wo* 

WOa. 

Gram. 

Gram. 

Per  cent. 

O.6931 

O.6170 

89.02 

O.2528 

O.2249 

88.96 

O.3216 

3.28l6 

88.93 

O.5905 

0-5^53 

88.96 

If 

if 


The  theoretical  requirement  of  tungsten  trioxide  for  (NH4)10 
W12041.5H20,  is  88.83  per  cent,  and  this  also  confirms  Marignac's 
formula.    On  comparison,  these  two  para  salts  show  as  follows : 
Para  needles."     (NH4)10W12O41.iiH2O. 
Para  plates."     (NH4)10W12O„.5H2O. 
Thus  it  would  appear  that  the  "para  needles"  in  boiling  water, 
lose  6  molecules  of  water. 

AMMONIUM  METATUNGSTATE. 

(NH4)2W4015.8H20. 

Margueritte1  first  prepared  this  salt  by  boiling  the  para  salts 

with  tungstic  acid.    Laurent2  prepared  it,  by  the  continued  boiling 

of  the  aqueous  solution  of  the  para  salts.     Scheibler8  made  it  by 

heating  the  para  salt  to  2500,  until  ammonia  was  given  off,  causing 

*  Ann.  cktm.  phys.  [3],  17, 475  (1846). 

*  Ibtd.  [3],  ai.62  (1847). 

*  /.  prakt.  Cfum.%  83,  304  (1861). 
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a  partial  separation  of  tungstic  acid,  then  dissolving  the  residue  in 
water  and  allowing  it  to  crystallize.  This  method  was  adopted  by 
Persoz1  and  later  by  Marignac*. 

Scheibler  describes  the  salt  as  crystallizing  in  large  tetragonal 
octahedra,  which  effloresce  in  the  air.  If  the  crystals  have  been 
scratched  or  bruised,  they  quickly  lose  water  and  become  opaque. 
Marignac  observed  that  the  crystals  lose  7  molecules  of  water  at 
ioo°,  and  the  remaining  molecule  is  not  driven  out  below  2000. 
Riche  noticed  the  same  behavior.  When  alcohol  is  added  to  a  hot 
solution  of  the  "meta  salt",  the  salt  (NH4)aW40lf.6HtO  sepa- 
rates, and,  according  to  Marignac,  loses  5  molecules  of  water  at 

100°. 

In  the  present  investigation  the  "meta  salt"  was  prepared  by 
boiling  an  aqueous  solution  of  the  "para  salt"  for  two  or  three 
days,  evaporating  to  small  bulk  and  allowing  the  syrupy  liquid 
thus  obtained  to  stand.  Large  transparent  tetragonal  octahedra 
were  obtained.  After  three  or  four  recrystallizations,  the  crystals 
became  almost  colorless,  but  the  yellow  tint  was  difficult  to  re- 
move. Boiled  with  purified  bone-black  the  greater  part  of  the 
original  brown  color  may  be  removed.  The  crystals  have  a  high 
index  of  refraction,  which  is  true  also  of  their  solution.  These 
crystals  of  "meta  salt"  were  also  prepared  by  heating  the  "para 
needles"  at  1500,  for  four  hours. 

On  analysis  the  salt  gave  3.05  per  cent,  of  ammonia. 

"Met*  nit"  NH,.  NHa. 

Oram.  Gram.  Per  cent. 

O.5016  0.01531  3.05 

This  corresponds  to  (NH4),W401S.8H20,  which  contains  3.02 
per  cent,  of  ammonia,  confirming  Scheibler's  formula.  The 
characteristic  physical  properties  were  in  such  accord  with  the 
published  data  that  further  analysis  was  not  undertaken. 

COLLOIDAL  AMMONIUM   TUNGSTATE. 

(NH4)aW€0194  or  6HaO. 
On  repeating  the  method  of  Scheibler  to  obtain  the  "meta  salt" 
(t.  e.,  heating  the  "para  needles"  to  2500),  a  colloidal  "gum"  was 
obtained.  As  many  as  twenty  experiments  failed  to  substantiate 
his  claims,  for  the  "meta  salt"  was  produced  at  1500.  This  "gum" 
would  dry  hard,  become  transparent  and  had  a  high  index  of  re- 

1  Ann.  cAiM.pkys.  [4],  i(  101  (1864). 
t  Ibid.  [4],  3.  7»  (««64)- 
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fraction.  It  did  not  cement  itself  to  porcelain,  in  the  way  "col- 
loidal tungstic  acid"  is  said  to  do,  but  would  shrink  away  from  the 
sides  of  the  containing  vessel,  and  could  easily  be  removed.  Under 
the  microscope  "para  needles"  were  found  embedded  in  it,  and 
were  removed  by  dialysis.  The  fraction  passing  through  the  parch- 
ment paper  in  a  few  hours,  crystallized  in  tetragonal  octahedra; 
later  fractions  in  "para  needles/'  and  still  later  fractions  would  not 
crystallize  at  all  but  consisted  largely  of  "gum"  which  had  passed 
through.  This  "gum"  therefore,  when  first  prepared,  consists  of  a 
mixture  of  "para  salt,"  "meta  salt,"  and  a  "colloidal  salt." 

The  best  condition  for  getting  a  large  yield  of  the  "gum"  is  as 
follows:  Pulverized  "para  needles"  are  spread  out  on  a  watch- 
glass,  and  heated  in  an  air-bath  at  220 °  for  one  hour.  The  air-bath 
must  allow  the  escape  of  water  and  ammonia.  The  product  is 
covered  with  water  and  boiled  vigorously  for  fifteen  or  twenty 
minutes,  when  a  clear,  but  dark,  heavy  liquid  results.  This  is 
filtered  away  from  any  residue  and  on  evaporation  dries  into  the 
"gum"  with  an  almost  quantitative  yield.  On  standing  several 
days  in  water,,  the  residue  will  pass  into  the  "gum"  without 
previous  boiling.  At  higher  temperatures  considerable  tungstic 
acid  is  separated  and  the  yield  is  not  so  good.  The  "meta"  salt 
free  from  "para"  must  be  heated  to  2500,  before  yielding  the 
"gum,"  and  the  yields  are  nothing  like  so  large,  as  when  the  "para 
salts"  are  taken  for  the  starting-out  material. 

A  marked  darkening  of  the  original  white  salt  is  noticed  after 
heating.  Different  fractions  of  the  "para  salts"  yield  the  "gum** 
with  different  degrees  of  readiness.  These  facts  point  to  the 
presence  of  some  impurity  which  may  affect  the  transformations. 

After  dialyzing  a  portion  of  the  "gum"  for  six  days  it  gave  the 
following  analysis : 


"Gnm." 
Gram. 

WO,. 
Grstn. 

WO,. 
Per  cent: 

O.6150 

0.5447 

88.57 

"Gum/* 
Grams. 

NH„. 

Gram. 

NH,. 
Per  cent, 

O.4825 

O.OI279 

2.65 

1.3776 

O.O3848 

2.79 

Another  sample  was  dialyzed  for  thirteen  days,  through  parch- 
ment paper,  using  ten  changes  of  water  of  2j4  liters  each.  The 
dialyzer  had  a  diameter  of  15  cm.  After  four  or  five  days,  the  in- 
crease of  volume  in  the  inner  vessel  ceased.     The  resulting  col- 
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loidal  salt,  when  dried  on  the  water-bath  and  allowed  to  stand  in 
the  air,  slowly  increased  in  weight.  When  dried  at  the  ordinary 
temperature  and  allowed  to  stand,  it  decreased  in  weight.  A 
portion  of  the  "colloidal  salt,"  dried  on  the  water-bath,  gave  the 
following  analysis: 

"Colloidal  Mlt."  WO|.  WO* 

Grmm.  Gram.  Percent. 

0.4469  0.4089  9M9 

0.4523  0.4143  9I-*o 

"Colloidal  nalt."  NH|.  NH«. 

Gram.  Gram.  Per  cent. 

O.6334  O.OI520  2.40" 

O.5985  O.OI4 15  2.36 

These  results  point  to  the  formula  (NH4)2W60194H20,  which 
requires  ammonia  2.24  per  cent,  and  tungsten  trioxide  91.82  per 
cent. 

In  the  same  way  another  portion  of  "gum"  was  dialyzed  for 
fourteen  days,  using  nearly  double  the  amount  of  water  previously 
used  (twelve  changes  of  water  of  3J4  liters  each).  The  resulting 
"colloidal  salt"  dried  at  the  ordinary  temperature  gave  the  follow- 
ing analysis : 

"Colloidal  salt."  WO,.  WOs. 

Gram.  Gram.  Per  cent. 

0.1227  o.iioi  89.73 

0.2I00  O.18S5  89*76 

'•Colloidal  aalt"  Nrt*  NH,. 

Grams.  Grain.  Per  cent. 

O.9243  O.OI996         #  2.l6 

I. O30I  O.02184  2.12 

These  percentages  are  close  to  the  formula  (NH4)2We0lf.6H2Of 
which  requires  ammonia  2.29  per  cent.,  and  tungsten  trioxide  89.69 
per  cent.  This  sample  was  dried  at  the  ordinary  temperature,  the 
previous  one  at  ioo°.  Since  the  salt  loses  weight  on  standing,  it 
is  likely  that  the  additional  water  does  not  represent  such  a  definite 
number  of  molecules  as  these  analyses  would  indicate. 

To  compare  the  percentage  of  ammonia,  in  the  different  salts, 
the  following  table  is  given : 

Salt.  Per 


"Par*  needles" 5-*4 

MPar*  plates*' 5-4* 

"Met*  salt" 3.02 

"Colloidal  salt "  (dialysed  six  days) 2.72 

(        ••      thirteen  days) 2.3S 

(         ••      fourteen  days) 2.14 
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The  dialyzed  salt  dries  hard  and  clear  like  glass,  with  a  yellow- 
ish tint,  contains  no  embedded  crystals,  and  under  no  conditions 
could  it  be  made  to  crystallize.  It  has  a  high  index  of  refraction 
and  is  miscible  with  water  in  nearly  all  proportions.  It  may  prove 
of  value  as  a  mounting  medium  in  microscopic  work,  and  also  for 
the  mechattical  separation  of  minerals. 

Its  solution  has  an  acid  reaction  and  absorbs  ammonia  with 
avidity.  One  long  series  of  dialyzations  was  spoiled,  by  working 
with  ammonia  in  the  same  room,  the  "colloidal  salt"  changing  to 
the  "meta"  and  "para"  salts.  By  treating  the  solution  of  the 
"colloidal  salt"  with  tenth-normal  ammonia,  till  the  acidity  is 
barely  neutralized,  it  passes  into  the  "meta  salt".  Unless  care  is 
used  considerable  amounts  of  the  "para  salts"  will  be  formed. 

Under  certain  conditions  the  "colloidal  salt"  passed  into  a  white 
modification,  which  on  microscopical  examination  proved  to  be  an 
emulsion,  the  globules  closely  resembling  fat  globules.  On  dry- 
ing, the  white  emulsion  gradually  passed  into  the  transparent 
variety.  The  emulsion  can  be  produced  by  cooling  a  clear  concen- 
trated solution  with  ice-water.  Frequently  a  more  dilute  solution, 
would  be  filled  with  spurious  clouds,  floating  in  suspension,  which 
appeared  to  be  some  foreign  matter.  This  could  not  be  filtered 
out  and  was  a  source  of  annoyance,  until  it  was  examined  micro- 
scopically, and  found  to  be  the  emulsion.  Emulsions  are  common 
enough  among  organic  substances,  but  are  rarely  observed  with 
inorganic  salts. 

At  first  it  was  thought  that  this  "colloidal  salt"  might  be 
"colloidal  tungstic  acid,"  but  since  after  prolonged  dialysis,  the 
ammonia  could  not  be  removed,  it  was  taken  to  be  a  colloidal 
ammonium  tungstate. 

The  history  of  "colloidal  tungstic  acid"  is  of  some  interest 
Graham,1  in  1864,  reported  the  existence  of  "colloidal  tungstic 
acid/1  which  he  prepared  by  treating  a  5  per  cent,  sodium  para- 
tungstate  solution  with  dilute  hydrochloric  acid  and  dialyzing  the 
mixture.  The  resulting  heavy  liquid  had  such  a  high  specific 
gravity,  that  glass  would  float  on  it.  Sabanejeff*  made  a  molecu- 
lar weight  determination  using  cryoscopic  methods,  and  reported 
the  formula  3WOa.H20.    Later8  he  retracted  his  determinations, 

*  /Vwe.  Roy.  Soc.,  I/mdon,  i*»  340  (1864). 
■/.  X*$s.  Cham.  Soc.,  ji,  1  (1889). 

*  Ztsckr.  anorg.  Chem.,  i4,  354  (1897). 
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and  published  an  article  on  the  "Non-Existence  of  Colloidal 
Tungstic  Acid/1  saying  that  he  had  previously  taken  Graham's 
word  for  the  composition  of  the  "gum."  On  examination  he 
found  It  was  impossible  to  dialyze  out  the  sodium,  and  concluded 
that  it  was  amorphous  sodium  metatungstate.  His  proof  of  this 
is  open  to  criticism,  for :  he  states  that  the  salt  had  a  marked  acid 
reaction ;  his  analyses  do  not  conform  closely  to  the  theoretical  for 
sodium  metatungstate ;  and  the  periods  of  dialysis  used  were  not 
long  enough  to  thoroughly  separate  the  material.  The  conversion 
of  one  form  into  the  other  was  rather  violent.  Sabanejeff  changed 
the  amorphous  salt  into  the  crystallized  variety,  by  heating  to 
I30°~I50°»  *n  *  sealed  tube  with  an  excess  of  water.  This  temper- 
ature is  about  the  same  as  that  which  changes  the  ammonium 
"para  salt"  to  the  "meta  salt"  and  seems  altogether  too  high  to 
prove  the  dimorphism,  of  the  two  sodium  salts.  Had  the  acidity 
of  his  colloidal  salt  been  gradually  neutralized  with  sodium 
bicarbonate  or  carbonate,  the  salt  might  have  reverted  to  the  crys- 
tallized form,  and  its  dimorphism  thus  been  disproved.  It  seems 
probable  that  his  dimorphous  colloidal  sodium  metatungstate  may 
prove  to  be  a  colloidal  sodium  tungstate  analogous  to  the  colloidal 
ammonium  tungstate  prepared  in  the  present  investigation. 

TEMPERATURE  AT  WHICH   THE  AMMONIUM  SALTS  BEGIN  TO  LOSE 

AMMONIA. 

Some  "para  needles"  were  placed  in  a  glass  U-tube  immersed 
in  an  oil-bath  and  dry  air  was  rapidly  passed  over  them  into 
Nessler's  solution.  It  was  found  that  if  the  glass  tube  leading 
into  the  solution,  was  etched  on  the  inner  surface,  a  brown  ring 
wbttld  form  on  the  roughened  surface,  several  minutes  before  the 
solution  showed  anv  traces  of  color.  The  moment  of  formation  of 
this  brown  ring,  was  taken  as  die  signal  for  die  first  appearance  of 
ammonia,  and  die  temperature  of  the  bath  noted.  In  this  manner 
die  %*par*  needles"  began  to  lose  ammonia  at  6o\  Tfce  "para 
plates"  at  the  same  temperature,  and  die  *mctt  sahw  at  1  jo*. 

It  is  significant  that  the  **meta  salt"  should  begin  to  lose  ammo- 
nia at  1  jo*  as  it  was  prepared  at  150*.  It  seems  improbable  that  a 
salt  which  begins  to  lose  ammonia  at  i»*  cocld  be  made  at  *3o\ 
as  recorded  bv  Scheibler* 

Marignac  and  <xhers  dry  the  %*para  salts"  at  ioo*  and  attribute 
the  kss  to  expulsion  of  water,  bat  a  pan  of  that  loss  is 
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However,  the  ammonia  that  escapes  below  xoo°  is  but  a  trace. 

ACTION  OF  DRY  AMMONIA  CAS  ON  "PARA  NEEDLES." 

The  effect  of  ammonia  on  "para  needles"  was  determined  as 
follows :  A  boat,  filled  with  needles,  was  placed  in  a  bent  tube  im- 
mersed in  paraffin.  Ammonia  gas  (dried  by  lime  and  caustic 
potash)  was  passed  over  it,  and  escaped  through  0.75  cm.  mercury 
and  9.00  cm.  of  water,  so  that  the  gas  was  under  a  pressure  of 
about  14  mm,  of  mercury,  in  excess  of  the  atmospheric  pressure. 
After  heating  for  one  and  a  half  hours  the  boat  was  placed  in  a 
capsule  and  weighed.  The  percentage  of  ammonia  was  then  de- 
termined. The  loss  in  weight,  together  with  the  percentage  of 
ammonia  furnish  data,  from  which  the  changes  in  the  salt  may  be 
calculated. 


AC1 

noN  OF  ] 

Dry  Ammonia  Ga 

S  ON  A] 

tMOXIUM 

Paratungstatb. 

Tem- 
pera- 
ture. 

•'Para 

needle*." 

Grams. 

Weight 

after 

treatment. 

NH,. 
Gram. 

Molecule*  Molecules 
of  NH,           of 
added,    water  lost. 

Approximate 
formula. 

Original  "para  needles." 

ioNH,.i2\VO,.i6HtO 

IOO° 

0.7I93 

0.6904 

O.04276 

+  1.3 

-8.5 

iiNH,.I2WO,.  7H,0 

110° 

I.O0I2 

0.9632 

O.06295 

-+-2.0 

~8.7 

I2NHs.I2\VOj.  7H,0 

120° 

1. 1203 

1.0796 

O.07268 

-t-2.4 

-  8.8 

12NH3.12WOJ.  7HaO 

1300 

0.9936 

0.9619 

O.0690I 

4-3-2 

-  8.8 

i3NHs.r2WO,.  7H,0* 

1400 

O.839I 

0.8101 

O.05563 

+2.7 

-*7 

I3NH,.I2W0,.  7Ht0 

1500 

1.2278 

1. 1768 

O.07514 

+1.7 

-  9.1 

I2NH8.I2\V08.  7Hf0 

1600 

1.2204 

1. 1696 

O.06530 

4-0.2 

-  7.7 

ioNH,.i2WO,.  8HfO 

200° 

0.9730 

0.9251 

0.04797 

—0.6 

-8.3 

9NHri2\VOs.  8H,0 

25°° 

1.3238 

1.2286 

O.05872 

-1.6 

— n.5» 

8NH,.i2\VO,.  4H„0 

Attention  is  directed  to  the  nearly  constant  loss  of  water;  and 
that  at  jjo°  the  maximum  amount  of  ammonia  is  absorbed. 
Tungsten  trioxide  was  separated  at  250°. 

These  ammonia-addition  salts  are  quite  unstable;  when  dis- 
solved in  water,  the  water  is  made  alkaline  and  "para  needles" 
crystallize  out;  when  allowed  to  stand  in  the  air  they  revert  to 
their  original  weight,  and  percentage  of  ammonia,  as  evidenced  in 
the  following  experiments :  Two  boats  containing  "para  needles" 
placed  side  by  side  in  the  same  U-tube  were  heated  together  in  dry 
ammonia  gas  at  1300  for  one  and  a  half  hours.  The  ammonia  in 
one  was  determined  at  once ;  the  companion  boat  was  allowed  to 
stand  over  night,  before  determining  the  ammonia. 
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"Para  needles."  NH*  NH>. 

Gram.  Gram.  Per  cent. 

Boat  A.   0.8754  0.06242  7.13 

Companion  Boat  A.  0.9718  0.05034  5.18 

Boat  B.  0.8744  0.05859  6.70 

Companion  Boat  B.  0.9321  0.04866  5.22 

Companion  Boat  B,  after  standing  over  night,  weighed  0.9319 
gram.  It  appears  therefore  that  the  salt  has  lost  its  added  am- 
monia, and  absorbed  its  lost  water. 

ACTION   OF   MOIST   AMMONIA   CAS   ON   THE   "META   SALT"   AT   THE 

ORDINARY  TEMPERATURE. 

A  boat  containing  0.9874  gram  of  "meta  salt"  was  placed  in  a 
vacuum  desiccator,  over  ammonium  hydroxide.  After  standing 
several  hours,  the  transparent  crystals  were  found  to  be  replaced 
by  a  white  salt  covered  with  water.  This  water  was  removed  by 
spontaneous  evaporation  in  the  air,  and  the  residue  weighed  0.9327 
gram  and  contained  0.04803  gram  ammonia,  equivalent  to  5.15  per 
cent.,  or  3.83  molecules  of  ammonia  added.  Hence  the  "meta 
salt"  has  been  changed  by  moist  ammonia  gas,  at  the  ordinary 
temperature  into  the  "para  needles,"  and  the  conversion  has  been 
practically  quantitative. 

The  "para  needles"  being  a  hundred  times  more  insoluble  than 
the  "meta  salt,"  have  crystallized  out  from  the  water  of  crystal- 
lization of  the  latter.  In  other  words  the  water  of  the  old  salt  has 
been  pushed  out  by  the  new  salt,  and  the  new  salt  is  found  "swim- 
ming" in  the  water  of  crystallization  of  the  old  salt.  After  stand- 
ing several  days  the  amount  of  water  in  the  boat  gradually  in- 
creased, so  that  water  evidently  slowly  distils  into  the  boat. 

ACTION  OF  MOIST  AMMONIA  GAS  ON  THE  "META  SALT*  AT   IOO°. 

"Meta  salt"  treated  with  ammonia  passes  to  the  "para  needles ;" 
the  latter  in  solution  change  at  ioo°  to  the  "para  plates"  so  that 
the  action  of  moist  ammonia  on  the  "meta  salt"  at  ioo°  can  almost 
be  predicted.  A  boat  containing  0.4408  gram  of  "meta  salt'* 
(placed  in  the  same  apparatus  used  for  determining  the  action  of 
dry  ammonia  on  the  "para  needles")  was  treated  with  moist 
ammonia  gas  at  ioo°,  for  one  hour.  After  treatment,  the  salt 
weighed  04189  gram;  after  standing  sixty  hours  in  the  air  it 
weighed  0.4186  gram.  This  contained  0.02276  gram  of  ammonia 
equivalent  to  5.44  per  cent.,  or  4.04  molecules  of  added  ammonia. 
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Hence  at  ioo°  moist  ammonia  gas  transforms  the  "meta  salt"  into 
the  "para  plates."  Dry  ammonia  gas  would  probably  form  the 
ammonia-addition  product  produced  at  that  temperature. 

THEORETICAL  CONSIDERATIONS. 

NORMAL  AMMONIUM   TUNGSTATE. 

The  normal  sulpho-salt  (NH)SWS4  exists  and  one  might  expect 
the  existence  of  the  corresponding  oxygen  salt.  However,  normal 
ammonium  tungstate  has  never  been  prepared.  Marignac,1  by 
the  spontaneous  evaporation  of  a  solution  of  "para  salt/'  in  a  bell- 
jar  over  lime  (which  would  absorb  water  and  not  ammonia),  ob- 
tained a  salt  of  the  composition  2(NHi)20.3W08.3HaO.  This 
salt  was  soluble  in  cold  water  but  soon  changed  to  the  "para  salt/9 
In  the  air  it  gave  off  ammonia  reverting  to  the  "para  salt." 

The  ratio  between  the  ammonia  and  tungsten  trioxide,  in  the 
different  salts  is  tabulated  as  follows : 


Salt.  NH,. 

Theoretical  normal  salt  1.0 

Marignac  salt  (unstable) 1.0 

"Mctasalt" 1.0 

"  Para  salt " 1.0 


WOs. 

0.5 
0.75 
2.0 
1.2 


It  is  seen  from  these  ratios  that  Marignac's  salt  approaches 
more  closely  to  the  normal  ratio  than  any  salt  which  has  yet  been 
prepared,  but  it  was  not  stable  at  the  ordinary  temperature.  Of 
the  other  salts,  the  "para*salt"  follows  next  in  order. 

The  para  ammonio-addition  salts  prepared  in  this  investigation 
are  unstable,  easily  losing  their  excess  of  ammonia.  It  seems 
therefore  that  at  the  ordinary  temperature,  tungsten  can  not  hold 
any  more  ammonia  than  that  expressed  by  the  para  ratio.  It  is 
believed  that  the  formation  and  preservation  of  the  normal  salt  is 
simply  a  question  of  temperature. 

WATER  OF  CRYSTALLIZATION. 

In  boiling  water  the  "para  needles"  lose  exactly  6  molecules  of 
water  and  crystallize  out  as  "para  plates."  Five  molecules  of 
water  remain  in  the  salt,  and  it  is  significant  that  5  ammonium 
oxide  molecules  remain  also.  Possibly  5  ammonium  oxide  mole- 
cules influence  5  water  molecules  in  such  a  manner,  that  the  latter 
are  more  firmly  bound  or  linked  than  the  others.    Whatever  ex- 

*  Ann.  chint.  phyt.  [3],  69,  22  (1863). 
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planation  may  be  advanced,  the  fact  remains  that  6  molecules  of 
water  are  driven  out  at  ioo°,  and  5  are  not. 

The  "meta  salt"  (NH4) ^VfjO^JBH^O  at  ioo°  loses  7  molecules 
of  water.  The  remaining  molecule  can  not  be  driven  out  below 
2000.  The  "meta  salt"  from  alcohol,  (NH4)8W4Oxt.6HaO,  loses 
at  ioo°  5  molecules  of  water,  and  the  remaining  molecule  behaves 
as  before.  In  these  salts  1  molecule  of  water  must  be  very  differ- 
ently combined  from  the  others,  for  one  requires  2000  of  tempera- 
ture to  remove  it,  while  the  others  leave  the  salt  quite  rapidly  even 
at  the  ordinary  temperature.  The  number  of  water  molecules 
remaining  again  correspond  to  the  number  of  ammonium  oxide 
molecules,  and  the  probability  increases  that  1  ammonium  oxide 
molecule  influences  1  hydrogen  oxide  molecule. 

These  two  salts  may  be  written : 

[2NH4OH4WOs] .  [7HaO] 

[2NH4OH4WOg].[5H20] 

At  ioo°  in  the  air  the  water  is  split  off  from  both  salts,  and  the 
common  residue  or  nucleus  [2NH4OH.4WOt]  remains,  which  is 
stable  at  200°. 

AMMONIA  CONTENT. 

The  "para  needles"  and  "plates"  begin  to  lose  ammonia  at  6o° ; 
the  "meta  salt"  at  1200.  If  the  ammonia  in  these  salts  is  com- 
bined in  the  same  manner,  it  ought  to  be  given  off  at  the  same 
temperature.  Such  is  not  the  case,  and  consequently  it  looks  as 
though  part  of  the  ammonia  was  combined  or  linked  differently 
from  the  rest.  At  1500  the  "para  salts"  lose  4  molecules  of  am- 
monia, and  revert  to  the  "meta  salt."  The  "meta  salt"  on  the 
addition  of  4  molecules  of  ammonia  advances  to  the  "para  salt." 
The  commonest  double  salt  of  sodium  with  ammonium  paratung- 
state,  has  the  composition  Na4(NH4)6W18041.i5H,0  (Knorre, 
Marignac,  Hallopeau).  Four  molecules  of  ammonia  have  been 
replaced  by  4  molecules  of  sodium.  The  fact  that  all  the  ammonia 
has  not  been  displaced  by  sodium,  indicates  that  4  molecules  are 
differently  combined  than  the  others,  and  probably  these  are  the 
same  4  which  are  lost  at  1500  (or  on  long  standing  in  water,  even 
at  the  ordinary  temperature) . 

TRANSFORMATIONS. 

The  transformations  in  this  series  of  salts  are  of  interest.    The 
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entire  series  may  be  prepared  from  the  first  member  or  the  entire 
series  may  be  prepared  from  the  last  member.  In  fact,  the  whole 
series  may  be  prepared  from  any  member. 


Temperature  of 

formation* 

Series, 

(Below  ioo°) 

"Para  needles'* 

(NlUoWuO,!.     »H,0 

(ioo*) 

11  Para  plates" 

(NH4)10WuO4,.       5H,0 

(1500) 

"Metasalt" 

(NH4)fW40„.         8H.O 

(aao°) 

"  Colloidal  salt " 

(NHA)1W9OI0.  4  or  6H,0 

Before  taking  up  the  transformations,  attention  may  be  Called  to 
the  difference  between  the  last  two  salts.  This  difference  is 
2WO,.2  or  4HS0.  Gibbs1,  in  his  classic  work  on  the  complex 
inorganic  acids,  pointed  out  the  existence  of  a '-homologous  series'9 
of  metatungstates  having  a  common  difference  2WO,.RO.  The 
difference  noticed  here,  while  not  exactly  the  common  difference 
discovered  by  him,  is  equivalent  to  it,  as  far  as  the  tungsten  tri- 
oxide  is  concerned. 

The  two  "para  salts"  (in  the  series)  on  long  standing  in  solu- 
tion, at  the  ordinary  temperature  revert  to  the  "meta  salt."  The 
"colloidal  salt,"  on  absorbing  ammonia,  reverts  to  the  "meta  salt" 
The  "meta  salt"  on  standing  reverts  to  the  residue  [2NH4OH. 
4WO.].  This  residue,  therefore,  may  be  considered  a  decomposi- 
tion product  or  nucleus  of  the  whole  series.  It  is  the  most  stable 
portion  in  the  entire  series ;  when  it  is  attacked,  the  structure  of 
the  salt  is  broken  down,  and  tungstic  acid  separates.  It  is  well 
known  that  the  "meta  salts"  are  broken  down  by  acids  or  alkalies 
only  with  difficulty. 

Beginning  with  the  first  member,  we  may  go  down  the  series  by 
physical  means :  "Para  needles"  heated  to  ioo°  (in  water)  go  into 
the  "para  plates."  The  "plates"  at  150°  (in  air)  pass  into  the 
"meta  salt."  The  latter  heated  to  2500  changes  to  the  "colloidal 
salt." 

Again  we  may  proceed  down  the  series  by  chemical  means. 
"Para  needles"  treated  with  acetic  acid  go  to  the  "para  plates."1 
The  "para  plates"  boiled  with  tungstic  acid  or  dilute  mineral  acids 
pass  into  the  "meta  salt."  The  "meta  salt"  as  yet  has  not  been 
changed  into  the  "colloidal  salt"  by  chemical  means ;  boiling  with 
tungstic  acid  did  not  produce  it. 

1  Proe.  A.A.A.S.*  47, 1  (1898),  and  previous  paper*, 

•  Gibbs  :  Am.  Okrm.J.,  1,  339  (1879).  Oibbs  states  that  the  salt  fanned  with  acetic  add 
has  the  composition  (NH4)10WuO41.6KtO,  and  adds  that  it  appears  to  be  the  same  salt,  to 
which  Marignac  attributed  5K1O.    The  temperature  of  crystallisation  may  clear  up  the 


*4* 

To  tvftmt  the  transformation* :  Beginning  with  the  last 
for  we  may  proceed  up  the  ferks  by  chemical  means.  The 
acidity  of  the  "colloidal  salt"  neutralized  with  ammonia,  produces 
the  "meta  salt,"  The  "meta  salt"  on  the  addition  of  4  mokcolcs  of 
ammonia  at  100*  advances  to  die  "para  plates."  The  "para 
plate*"  on  the  addition  of  water  at  die  ordinary  temperature  pro- 
ceed to  the  "para  needles," 

From  these  considerations  it  appears  probable  that  a  common 
nucleus  runs  through  the  whole  series,  and  that  the  nucleus  is 
[aNH4OH4W09],  The  molecular  weight  of  this  nucleus  is  as 
yet  unknown ;  it  may  be  a  polymer,  or  it  may  be  one-half,  which 
would  correspond  to  Gibbs'  difference  [R0.2WO,],  and  might  be 
written 


NH4>0.2WOf. 


The  simplest  view  of  the  matter  would  favor  the  nucleus 
[  NH/  )H.aW09] ,  and  until  molecular  weight  determinations  have 
been  made,  the  salts  may  be  written  with  this  in  mind. 

Ammonium  "  Para  "  and  "  Meta  "  Tungstatbs. 

Tt  mfwimttirt  of 
formftiloii. 

(Btlow  ioo°)  "  Para  needles"  6[NH4OH.2WOt].4[NH4OH].6[H,0] 

( loo° )  "  Para  platea  • '  6[NH4OH.  aWQ,]  .4[NH4OH] 

( l$o9)  ■• Meta  salt M  a[NH4OH.aWOt].7[HlO] 

( iao°)  ••  Colloidal  salt "  a[NH40H.aW0ll].a[W0i].3or5[H,O] 

Para-Ammonio-Addition-Products. 

In  Ammonia  |it, 

(loo*)  6[NH4OH.aW01].  [NH4OH].4[NH,] 

(U0°)  6[NH4OH.aWOB].  [NHi0H].5rNHt] 

(ito*)  6[NH4OH.aWOs].  [NH4OH].s[NHt] 

{\y>9)  eiNH^H-aWOj].  [NH4OH].6[NH,] 

{\40*\  etNI^OH.aWOj].  [NH4OH].6[NH,] 

U$o#)  otNUOH.aWQJ.  [NH40H3.5CNH3] 

{ ifto*)  6[NH4OH.aWOt].a[NH4OH].2[NHs] 

(too*)  6[NH4OH.aWOk].a[NH4OH].  [NHJ 

U50#)  '                                    4[NH4OH.aWQJ.4[WOJ      .4[NHJ 

PARA^AMMONlO-St'BSTltVtlON  SAI.T. 

VlWlow  100*)  6(NH4OH.»WOJ.4[N«OH].io[HtO] 

These  tables  suggest  the  presence  of  "nuclei"  and  "side-chains," 
The  "para  salts"  appear  to  be  polymers  of  the  "meta  salts,"  linked 
hH^Mher  b\\  or  to  which  are  added,  the  "skle-chains/*  The  "side- 
chains"  may  be  split  off  by  physical  or  chemical  means,  and 
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substitutions  appear  to  take  place  in  them.  Where  transforma- 
tions require  the  splitting  off  of  part  of  the  structure,  both  physical 
and  chemical  means  may  be  employed  to  accomplish  the  desired 
end.  But  where  transformations  demand  the  addition  of  these 
parts,  then  chemical  means  only  can  accomplish  the  purpose. 

Smith1  and  Hardin  have  demonstrated  the  tendency  of  tungsten 
trioxide  itself  to  polymerize.  And  after  such  polymerization  the 
material  is  insoluble  in  sulphur  monochloride,  whereas  before,  it  is 
soluble.  The  polymerized  ammonium  salts  in  this  series  are  over 
a  hundred  times  more  insoluble  than  the  unpolymerized. 

It  is  significant  that  the  temperature  which  breaks  down  the 
"para  salt"  into  the  "meta  salt"  (i.  e.,  150°)  is  not  far  from  that 
temperature  (1300)  at  which  the  "para  salt"  in  ammonia  gas  is 
able  to  take  on  the  maximum  amount  of  ammonia.  In  other 
words,  the  polymer  absorbs  the  most  ammonia  at  a  temperature 
near  its  rupture  temperature.  It  looks  as  though,  the  polymer 
when  "opened  up"  was  enabled  to  add  more  ammonia. 

There  is  no  reason  why  the  compounds  of  carbon  should  have  a 
monopoly  over  "homologous  series,"  "polymerizations,"  "ring 
formations,"  "side-chains,"  "substitution  products"  or  "gums." 

Organic  "gums"  are  supposed  to  be  high  polymers  of  some 
simple  form,  and  the  polymerization  is  usually  accompanied  with 
insolubility  and  non-crystalline  character.  The  "gum"  in  the 
present  investigation  appears  to  be  an  ammonium  salt,  but  no  sur- 
prise will  be  expressed  if  it  proves  to  be  an  acid  salt  of  "colloidal 
tungstic  acid"  and  ammonium  metatungstate.  If  "colloidal  tung- 
stic  acid"  exists,  it  would  probably  be  a  polymer  of  tungsten  tri- 
oxide and  its  affinity  for  ammonia  would  be  so  great  that  only  with 
difficulty  could  the  two  be  separated.  In  one  experiment,  a  long 
process  of  dialyzation  was  ruined  by  the  presence  of  ammonia  in 
the  atmosphere  of  the  room,  and  who  knows  how  much  ammonia 
the  other  experiments  absorbed?  Traces  of  ammonia  would 
neutralize  the  work  performed  by  days  of  dialyzation.  The  sub- 
ject needs  to  be  further  investigated. 

It  is  hoped  that  benzylamine  tungstate  will  form  a  similar  series 
of  salts,  and,  yielding  more  readily  to  organic  methods,  facts  con- 
cerning their  molecular  magnitude  and  constitution  may  be  de- 
veloped. 

UWITBXilTT  OP  PSNHtTLVAKIA. 

1  TW»  Journal,  si,  1007  (1899). 
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atnx*»t  obtained  by  either  die  oxidatkm  or  Bamber's  method.  This 
error  »  especially  noticeable  in  those  irons  containing  a  high  per- 
centage of  combined  carbon* 

The  oxidation  in  the  wet  way  does  not,  with  some  irons,  effect 
the  compleU  oxidation  of  die  sulphur,  a  portion  of  it  remaining 
with  the  residue  of  graphite  and  silica.  Bamber's  method  is 
generally  used  when  die  oxidation  method  does  not  effect  its  pur- 
pose, and  no  doubt  is  the  safest,  besides  doing  away  with  the  pre- 
cipitation of  the  sulphur  by  barium  chloride  from  a  concentrated 
solution  of  ferric  chloride.  When  a  platinum  dish  is  available,  it 
affords  a  simple  method. 

The  thought  occurred  to  the  writer  that  if  it  were  possible  to 
reduce  the  sample  of  pig  iron  to  a  fine  powder,  its  oxidation  might 
be  effected  in  the  presence  of  a  basic  mixture,  such  a  mixture  for 
example  as  magnesia  and  sodium  or  potassium  carbonates.  The 
sulphur,  it  was  hoped,  would  be  converted  into  soluble  sulphates  of 
the  bases  present,  and  any  small  quantity  of  sulphides  of  these 
metals  formed  could  be  oxidized  by  bromine,  as  in  the  determina- 
tion of  sulphur  in  coke.  The  writer  has  been  informed  that  v. 
Kels1  has  already  applied  this  modified  Eschka  method  to  pig 
Irons,  but  his  paper  is  not  accessible  to  me. 

Two  mixtures  were  made  as  follows :  One  of  magnesia  2  parts 
and  sodium  carbonate  1  part,  well  ground  and  mixed,  and  another 
of  magnesia  4  parts,  potassium  carbonate  1  part  and  sodium  car- 
bonate 1  part.  The  addition  of  potassium  carbonate,  it  was 
thought,  would  hasten  the  oxidation,  potassium  carbonate  having 
a  slight  solvent  action  on  ferric  oxide.  It  was  first  thought  that 
the  samples  of  pig  irons  had  to  be  ground  very  fine,  and  to  accom- 
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APPLICATION  OP  BSCHKA'S  METHOD.  645 

plish  this  the  agate  mortar  was  used,  with  the  result  that  with  a 
great  deal  of  labor  a  small  sample  was  finally  obtained.  Upon 
treating  this  sample  of  about  I  gram  with  the  mixture  of  magne- 
sium oxide  and  sodium  carbonate,  in  a  platinum  crucible  at  a  full 
red  heat,  it  was  found  that  oxidation  was  rapid,  about  fifteen  min- 
utes being  required  to  effect  it.  After  a  little  experimenting  it 
was  found  that  samples  of  80  and  60  mesh  were  oxidized  com- 
pletely, while  samples  of  30  mesh  were  not.  In  fact  50  mesh 
seemed  to  be  the  limit  of  coarseness  of  sample. 

The  samples  of  basic  pig  irons  as  delivered  to  this  laboratory 
have  been  crushed  in  a  steel  mortar,  a  pestle  and  hammer  being 
used.  The  operation  requires  about  five  minutes  for  a  20-gram 
sample  of  60  mesh.  This  is  done  because  we  wish  to  have  a 
sample  that  has  been  treated  under  as  nearly  as  possible  the  same 
conditions  as  our  basic  pig  irons.  A  sample  so  treated,  quite  fre- 
quently cannot  be  drilled. 

For  carrying  out  the  experiments  herein  described,  four  samples 
of  gray  irons  were  thus  prepared  of  80  and  60  mesh  each.  A 
given  quantity  of  each  iron  was  all  ground  to  pass  through  an  80- 
mesh  seive  and  a  60-mesh  sample  was  prepared  in  the  same  way. 

No.  1.  Gray  forge  pig  iron :  Si,  1.22 ;  S  (  ?). 

No.  2.  Chilled  basic  pig  iron :  Si,  0.55 ;  S  (  ?). 

No.  3.  Sample  C  of  the  American  Foundrymen's  Association : 
Si,  1.783 ;  S,  0.076. 

No.  4.  Sample  B  of  same:  Si,  1.076;  S,  0.056. 

The  following  method  was  finally  decided  upon :  3  grams  of  the 
sample  of  a  fineness  higher  than  50  mesh  are  weighed  into  a 
platinum  crucible  of  30  cc.  capacity  and  3  grams  of  the  basic  mix- 
ture are  added.*  The  greater  part  of  this  mixture  is  added 
at  once  and  the  whole  thoroughly  mixed.  The  balance, 
about  0.5  gram,  is  used  in  covering  the  top  of  the  mixture.  The 
crucible  is  then  placed  over  a  Bunsen  flame,  a  shield  being  used  to 
prevent  the  products  of  combustion  of  the  flame  from  coming  in 
contact  with  the  mixture.  A  description  of  this  shield  will  be 
given  later.  The  part  of  crucible  exposed  to  the  flame  is  heated 
for  one  hour  at  a  full  red  heat.  At  the  end  of  this  time  the  mass 
will  be  found  sintered  together,  and  can  be  broken  up  when  cold 
with  a  glass  rod,  extracted  with  hot  water  into  a  No.  2  beaker,  and 
id  cc  of  bromine  water  added.  It  is  best  to  always  add  a  fixed 
amount  as  bromine  frequently  contains  sulphur,  and  by  using  the 
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same  amount  in  a  blank  determination  this  otot  will  be  eliminated- 
The  solution  is  boiled  for  fifteen  minutes  on  the  hot  plate  and 
filtered,  taking  care  to  see  that  die  filtrate  is  perfectly  clear.  The 
residue  is  washed  with  hot  water,  and  to  the  filtrate  1.5  cc  of  con- 
centrated hydrochloric  add  are  added  The  bromine  is  expelled 
by  boiling,  and  sulphur  is  precipitated  in  the  boiling  solution  by  10 
cc.  of  a  hot  10  per  cent  solution  of  barium  chloride. 

The  products  of  combustion  of  the  gas  must  be  kept  away  from 
the  contents  of  the  crucible.  This  can  be  done  without  the  use  of 
a  shield  if  care  is  used,  at  least  when  gasoline  is  used  for  furnish- 
ing gas. 

It  was  decided  to  treat  samples  Nos.  1  and  2  by  each  of  the  fol- 
lowing methods : 

First.  Evolution  Method. — Absorption  of  hydrogen  sulphide  in 
solution  of  potassium  hydroxide,  oxidation  of  the  potassium  sul- 
phide formed  by  potassium  permanganate  solution,  acidifying  with 
hydrochloric  acid,  clearing  with  oxalic  acid,  neutralizing  with 
ammonia,  making  slightly  acid  with  hydrochloric  acid  and  precipi- 
tation of  the  sulphur  as  usual.  The  sulphur  in  the  residue  is  de- 
termined and  added  to  that  obtained  as  hydrogen  sulphide,  10 
grams  of  the  sample  being  used. 

Second.  Oxidation  in  the  wet  zvay  by  solution  in  concentrated 
nitric  acid  with  the  addition  of  3  grams  of  potassium  chlorate 
when  solution  is  complete,  and  the  usual  evaporation  and  re- 
solution with  the  final  precipitation  of  the  sulphur  in  the  100  cc. 
solution,  using  a  hot  saturated  solution  of  barium  chloride  and 
having  the  ferric  chloride  solution  just  short  of  boiling.  The  sul- 
phur is  determined  after  standing  twelve  hours. 

Third.    Bomber's  method  as  described  by  Blair,  third  edition. 

Sample  No.  1. 
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It  was  thought  that  the  increase  of  sulphur  as  shown  by  this 
method  was  due  to  the  flame,  the  basic  mixture  absorbing  sulphur 
therefrom.  To  prevent  this  an  asbestos  board  8  inches  by  4  inches 
was  used ;  in  the  center  of  this  board  and  near  the  lower  edge  a 
clean  hole  was  cut,  of  a  size  sufficient  to  admit  the  crucible  for 
about  seven-eighths  of  its  length,  and  forming  a  snug  fit.  To  the 
upper  edge  of  this  board  was  hinged,  by  means  of  a  copper  wire,  a 
board  of  the  same  length  but  3  inches  wide  and  without  any  hole. 
The  whole  arrangement  represents  an  "A"  tent  affair,  open  at 
both  ends,  which  can  be  placed  over  the  tripod  in  such  a  manner 
that  when  the  crucible  is  put  into  place  about  seven-eighths  of  its 
length  projects  through  the  board  and  rests  upon  the  platinum 
triangle.  The  products  of  combustion  from  gas  pass  off  above 
and  away  from  the  crucible. 

The  results  obtained  on  sample  No.  1,  using  the  shield,  were  as 
follows : 

Sample  No.  i. 

Oxidation  in 

presence  of      Fineness  Time  of  Mixture 

Noa.  basic  mixture,  of  sample.        ignition.  used. 

1 0*0399       60  mesh        I1/,  hours      MgO,  K^CO,  &  Na,COt 

2 0.0394  "  1  hour  "  " 

3 0.0385  "  1      •• 

No.  3  was  evaporated  to  dryness  after  expelling  bromine,  redis- 
solved  in  water  slightly  acid  with  hydrochloric  acid,  and  filtered, 
the  sulphur  being  determined  in  the  filtrate.  This,  at  least,  shows 
that  the  higher  results  obtained  on  this  sample  were  not  due  to 
any  sulphur  absorption  from  the  flame.  The  use  of  potassium 
carbonate  shows  no  decided  gain  in  action  or  time. 

To  test  the  efficiency  of  the  shield,  several  blank  determinations 
were  made  with,  and  without,  its  use,  and  the  following  results 
obtained. 

Three  grams  of  the  basic  mixture  were  used  and  the  ignition 
continued  for  one  hour. 

Nos.  Without  shield.  With  shield. 

i 0.0025  gram  BaS04  found  0.0025  gram  BaS04  found 

2 0.0024     "         "         "  0.0025      "        "  " 

3 0.0025     "         ••         "  0.0024      " 

4 0.0026     "         «•         "  0.0023      "        "  " 

There  is  evidently  no  decided  advantage  in  the  use  of  the  shield 
when  gasoline  gas  is  used,  and  care  is  exercised  in  igniting  the 
mixture,  the  flame  being  kept  away  from  the  front  or  mouth  of 
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the  crucible.    No,  4  of  die  above,  without  shield,  was  ignited  so 
that  the  flame  partly  passed  by  die  month  of  the  crucible. 

The  writer  is  not  able  to  state  die  value  of  die  shield  when 
ordinary  gas  is  used,  but  at  all  events  an  alcohol  lamp  of  good- 
sized  flame  may  be  safely  used 

8AMPU  No.  2. 
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0,039  0.033  0.030  0.031  1  how  60  mesh  UgOtK,COM8i'N*tCOt  No 

0.939  0.030  0.031  0.031  45  min.  "  "               ••  Yes 

0.039  0.030  ....  0.039  1  hour  "  "               "  Yes 

*  *  * »  0.039  ••••  ••••  ••••  ••••  ••••           ••••  •••• 

The  fulphur  was  precipitated  directly  without  any  previous 
evaporation  to  dryness. 

In  samples  Nos.  3  and  4  the  sulphur  has  been  determined  by  the 
following:  1.  Booth,  Garrett  and  Blair;  2.  Cramer  and  Bick- 
nell ;  3.  Andrew  S.  McCreath ;  4.  Albert  W.  Smith.  In  the  fol- 
lowing table  their  respective  numbers  are  placed  after  their  results. 

Sample  No.  3. 

1 1\ 

\    l  V'    l    l      I 

0,066       t       0.075       s       c.076       z       0.077       60       z  hr.       Yes 

©.075       3         ••••  <*o7*       6>     lfbr.         No 

0.076       4         •  •  •  •  0.076       60       z  hr.         No 

Sampu  No.  4* 

i     i 

o,o*j       t       0.098       a       0.054       i       0.054       to  I  hr.  Mo 

60  1  hr.  Yea 

60  1  hr.  Yes 

30  1  hr.  Yea 

*  KllMI  MWMt  WltS  3^Wii  MBfR  CMWiJf : 


•  •  •  • 

•  •  •  • 


*  *  *  * 


THE  CONSTITUTION  OP  CAMPHENE.  649 

The  above  samples  have  all  been  gray  irons.  White  iron  it  was 
thought,  on  account  of  its  low  silicon  and  absence  of  graphitic 
carbon,  would  not  lend  itself  as  readily  to  oxidation ;  but  samples 
of  white  irons,  treated  in  the  same  way,  were  oxidized  as  com- 
pletely and  in  the  same  time  as  gray. 

Sample  op  Whitx  Iron.. 

Per  cent.     Per  cent.     Per  cent, 
sulphur.      sulphur.      sulphur. 

Bomber's  method 0.431  0.432  0.429 

Oxidation  in  basic  mixture  •  •  .  0.432  0.430  0.430 

This  method  could  no  doubt  be  worked  to  advantage,  using  a 
stream  of  oxygen  and  combustion  tube.  The  method  does  away 
with  the  precipitation  of  the  sulphur  in  the  presence  of  the  ferric 
salt,  and  the  time  required  for  a  determination  is  about  that  re- 
quired for  the  determination  of  sulphur  in  coke. 

IfABO&ATORT  OP  THX  B.  &  G.  BXOOKB  IftO!f  CO., 

BmMBORO,  Pa. 


THE  CONSTITUTION  OP  CAMPHENE.1 

By  P.  D.  Dodob. 
Received  April  »j,  toot. 

The  constitution  of  camphene  is  as  yet  an  unsettled  point  in  the 
chemistry  of  the  terpene  series.  The  objections  to  the  Bredt 
formula2  have  been  stated  by  Semmler*  and  others,  but  no  satis- 
factory substitute  has  been  suggested. 

As  a  result  of  some  experiments  with  the  reaction  of  Bertram 
and  Walbaum/  the  addition  of  acetic  acid,  in  presence  of  mineral 
acids,  I  have  been  led  to  a  somewhat  different  conception  of  the 
camphene  molecule. 

Camphene  and  pinene  yield  the  acetates  of  isoborneol  and  ter- 
pineol,  respectively.  As  regards  other  terpenes,  but  little  appears 
to  have  been  published,  and  I  have  made  the  following  experi- 
ments. 

1.  Pinene,  from  American  turpentine  (sp.  gr..  0.867.  aD  = 
-f  ii°).  50  cc.  with  100  cc.  pure  acetic  acid,  containing  1  per 
cent,  sulphuric  acid,  allowed  to  stand  at  i5°-20°  for  five  days. 
Quantitative  saponification  showed  43  per  cent,  terpineol  acetate. 

>  ftead  before  the  New  York  Section  of  the  American  Chemical  Society,  February  7, 

i 
*  Ber.  d.  cktm.  Ges.%  (1893),  p.  3056. 
■/AM.,  (1900),  p.  3421. 
iJ.prakL  Chem.%  49, 1. 
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2.  Camphene  (by  Reychler's  method  from  pinyl  chloride),  after 
six  days,  product  contained  77  per  cent,  isobornyl  acetate. 

3.  Limonene  («/,=  +  ioo°.  Sp.  gr.  =  0.847),  a*ter  **ve  days, 
aD  =  o°,  product  showed  4  per  cent,  of  acetate.  On  distillation, 
about  50  per  cent,  of  a  terpene  mixture  was  obtained,  containing 
principally  terpinene. 

4.  Terpinolene  (from  terpineol  by  oxalic  acid),  after  six  days, 
1 1  per  cent,  acetate  formed. 

5.  Terpinene  (from  limonene),  after  six  days,  8  per  cent, 
acetate. 

It  is  to  be  noted  that  the  bornylene  of  Wagner,  to  which  must 
probably  be  assigned  the  camphene  formula  of  Bredt,  also  does 
not  combine  with  acetic  acid  under  these  conditions,  which  fact 
was  utilized  by  Wagner  to  separate  it  from  camphene.1 

Pinene  and  camphene  are  thus  sharply  differentiated  from  the 
other  terpenes.  The  acetic  reaction  is  not  obtained  (or  but  to  a 
limited  extent)  with  any  singly  or  doubly  unsaturated  terpene, 
except  in  the  case  of  pinene.  But  in  pinene,  the  double  bond  is 
not  attacked,  but  the  4-ring  is  opened,  producing  a  terpineol  de- 
rivative. 

CH, 

CH  C 

/% 

H,C        CH 

I  I 

H,C  H  CH, 

<bi„  +hc,h,o,=    y 

•     OC,H,0 
CH/       CH» 

Terpineol  acetate. 

The  possibility  now  suggests  itself,  that  in  camphene  we  may 
have,  not  a  double  bond,  but  a  4-ring  (or  possibly  a  3-ring)  which 
is  readily  opened,  yielding  the  ester  of  isoborneol. 

The  close  relations  of  camphene,  isoborneol,  and  camphor  indi- 
cate with  great  probability  that  camphene  contains  the  camphor 
nucleus,  in  which  case  there  are  but  two  possibilities  of  such  addi- 
tional ring-formation. 

*  Brr.  d.  chem.  6>j.,  (1900),  p.  at  21. 
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i.  A  3-ring  between  Clf  C„  and  CT. 


\  / 

c 

4 

A  study  of  the  spacial  relations  as  shown  by  the  tetrahedral 
models  leads  to  the  conclusion  that  such  a  structure  is  improbable. 
This  assumption  would  also  lead  to  a  formula  for  camphenilone, 
which  is  identical  with  that  established  for  the  fenchocamphorone 
of  Wallach.1  These  two  compounds  are,  liowever,  certainly  not 
identical,  and  the  Clf  C2,  C7  ring  hypothesis  is  hence  untenable. 
2.  A  4-ring,  C„  C2,  C0,  C8,  leads  to  the  formula 

CH3 


which,  I  believe,  best  explains  the  properties  and  reactions  of  cam- 
phene. 

As  in  the  case  of  pinene,  we  have  here  a  4-atom  ring,  readily 
opened  under  the  influence  of  acids,  yet  differing  from  pinene  in 
one  respect.  When  the  4-ring  of  pinene  is  separated,  the  molecule 
is  rearranged  in  more  stable  forms  either  of  the  terpineol  or  cam- 
phor series,  and  reversion  to  pinene  is  impossible.  In  camphene, 
the  atoms  composing  the  4-ring  are,  as  it  were,  held  in  position  by 
the  stable  5-  and  6-ring  nucleus,  and  the  4-ring  may  be  opened  and 
closed  ad  libitum;  i.  e.,  we  can  pass  from  camphene  to  isoborneol, 
and  the  reverse  at  will.  To  isoborneol  must  be  assigned  the  cis- 
configiiration,  while  borneol  is  represented  by  the  trans-form. 

1  Ann.  Ckem.  (Uefciff),  300,  994;  £OJ,  371;  JI0.  *73* 
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The  greater  reactivity  of  isoborneol  is  due  to  the  proximity  of 
the  hydroxyl  to  the  C§  methyl  group,  and  the  differences  in  proper- 
ties of  the  cis-chloride  (isobornyl  chloride,  camphene  hydro- 
chloride) and  the  trans-chloride  (bornyl  chloride,  pinyl  chloride) 
are  similarly  explained. 

According  to  this  hypothesis,  camphene  is  a  saturated  molecule, 
i.  #.,  contains  no  double  bond.  In  fact  there  appears  to  be  very 
little  reason  to  consider  it  unsaturated.  The  difficult  oxidation  by 
permanganate,  the  action  of  bromine,  etc.,  and  many  other  reac- 
tions show  that  camphene  is  differently  constituted  from  the 
typical  unsaturated  terpenes. 

The  new  formula  explains  very  satisfactorily  the  various  oxida- 
tion products  of  camphene.    Thus,  we  have : 

CH»  COOH 

(HNQ»)  C— COOH         (-CO,) 


i. 


M,C 


CH 


j  H*C-  C-CH,  I  ~ 

Ma\  I  CH, 
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KM*\\ 


/ 

H,^ 

|  H»C— C— CH,     ~> 
HtC 


C— COOH 
H 
Ouaphoric  actd.' 


/ 


A 


H.C 


\ 


\, 


*^^    O^     \  »^fc»         ^  ^<^ 
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<OH 
H,C 
COOH    *-*  I 


/ 


/ 


/ 


CH, 

I 
C 


I  H,C— CH 
H,C 


CO 
H, 


CH, 


C 

H  H 

Camphenylic  acid.1  Camphenilone. 

Camphenilone,  C9H140,  here  appears  as  a  true  lower  homo- 
logue  of  camphor,  which  it  strikingly  resembles.  Jagelki's  for- 
mula,* 

CH, 


/ 


/ 


\ 


\ 


H,C/  x 

I  H.C-C-CH,         >CO  , 

H,C> 


\ 


is  improbable,  because  it  assumes  an  oxidized  4-carbon  ring,  which 
is  known  to  be  an  unstable  arrangement,  and  it  leads  further  to 
very  improbable  formulas  for  dehydrocamphenylic  acid,  and  cam- 
phenilene.  The  new  formula  presents  no  serious  difficulties. 
Thus: 


(+H,) 


H.C--CH 


/ 


/CH, 


CH, 
C 


H,C' 

I  H,C— CH 
H,C, 


(-H.O) 

-C 

I    X)H    — 
CH, 


Camphenilone. 

1  Ckem.  CentrM.,  (1897),  I,  p.  1056. 
*  Ber.  d.  ckem.  Ges.t  (1899),  p.  1498. 
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CH, 

k 


H.C 

H,C 


H— C—  CH, 


>CH 
CH, 


These  reactions  are  exactly  analogous  to  the  formation  of  cam- 
phene  from  camphor,  and  if  the  hypothesis  is  correct,  it  should  be 
possible  to  put  camphenilene  through  further  transformations, 
leading  finally  to  the  second  lower  homologue  of  camphor : 


CH, 
C 


H,C 

I 

H,C 


/ 


CO 
HCH  | 

/CH, 

H 


Wagner's  camphene  glycol1  and  its  reactions  may  be  shown  as 
follows : 


CH 

|     *      (KMn04) 
C 


H,C 


H,C— C— CH,  |         — 


H,C 


(-H,0) 


H— OH 


H,C-C— CH,OH   | 


Glycol,  or  9-hydroxy-iaoborneol. 


1  Ser.d.  ckem.  £a.,  (1890),  p.  2311. 
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H,C— C—CH 


H 
9-Hydroxycamphene. 


(+H.O) 


CH, 


(-H,0) 


H,c/ 

I  H8C— CH 
H,C 


C 
H 


N:h— ch< 

I  Ndh  ~ 

H, 


CH, 

.    I 
C 


H,C' 

I  H.C-CH 
H,6> 


JH— COH 
,CH, 


Camphenilanic  aldehyde.1 


Further  oxidation  then  leads  to  camphenilanic  acid,  camphenylic 
acid,  and  camphenilone. 

As  regards  the  other  oxidation  products  mentioned  by  Jagelki 
(/.  c),  it  is  unnecessary  to  discuss  them  in  detail.  Blaise,2  who 
has  examined  and  repeated  some  of  Jagelki's  work,  arrives  at 
rather  different  results.  He  concludes  that  the  former's  cam- 
phenilone formula  cannot  possibly  be  correct,  and  that  this  com- 
pound does  not  contain  the  trimethylcyclopentene  ring  character- 
istic of  the  camphor  series.  This  deduction  is  entirely  in  harmony 
with  the  formulas  here  suggested. 

A  few  other  points  in  connection  with  the  camphene  formula 
remain  to  be  mentioned. 

It  has  been  shown*  that  fenchene  behaves,  with  acetic  acid,  like 
camphene,  and  we  are  led  to  an  analogous  formula : 

1  Chem.  Ztg.%  (1896),  p.  842.    Ber.  d,  chem.  Ges.%  (1899),  P*  M9&- 

1  Compt.  rend.,  139, 886. 

*  Schimmel  &  Co.:  Chem.  Centrbl.,  (1898)  II.,  p.  985. 
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XT 

H 

A 

H,C'                    >> 
-  CH,                         H,C                          < 

\  {/ 

H 

XX 

A. 

h,c'             N:o 

|  H,C— C  — CH,  | 
H,C                         CH- 

Fenchonc. 

Fenchene  (?). 

CH 


CH  — CH, 


But,  fenchocamphorone  has,  most  probably,  the  structure, 


H 

I 

c 


H,C> 

|  H,C-C— CH,  | 
H,C  CH, 

Fenchocamphorone . 


and  its  formation  from  this  fenchene  is  hard  to  explain.  Wallach,1 
however,  has  recently  shown  that  ordinary  fenchene  is  a  mixture 
of  at  least  three  compounds,  and  Kondakow  and  Lutschinin*  have 
reached  a  similar  conclusion.  The  conditions  in  the  fenchone 
series  appear  to  be  complex,  and  further  experiment  is  necessary. 

The  characteristic  feature  of  the  new  camphene  formula  is  the 
connection  between  C,  and  C».  Now  the  symmetry  of  the  cam- 
phor nucleus  shows  that  if  such  a  connection  is  possible,  a  similar 
one  may  occur  between  C3  and  C,. 

In  fact  a  compound  is  known,  which  I  believe  is  best  represented 
by  such  a  formula.  This  is  the  camphenone  of  Angeli*  whose  for- 
mation may  be  shown  thus : 

i  Ann.  Chem.  (Uebig),  3oa,  371 ;  315,  273. 

1  Chem.  Ztg.%  agf  131. 

1  Gaxs.  chim.  ital.,  23,  (II.)  331 ;  34,  (II.)  318. 
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CH. 


Htc/ 


\ 


N:o 


h,c 


I  H.C-C-CH,  I 


C  =  NOH 


H 


Iaonitroeocatnphor. 


CH, 

-A. 

I  H,C— C— CH,  I 
H,C  CH— N,Cl 


C 
H 

Diazocamphor,  HC1. 


/ 


CH, 


h,c  n:o 

|H,C-C-CH,| 
H,C  VCH 

\c/ 

H 
Camphenone  (?). 


Angeli  proposed  the  formula 


H,C 


/ 


/ 


/ 


CH3 

I 
C 


.  I  H.C-C-CH, 


H,C 


CO 

1 

CH 


// 


// 


but  the  tetrahedral  models  show  that  this  structure  is  highly  im- 
probable. Harries  and  Matfus1  have  further  found  that  cam- 
phenone does  not  show  the  hydroxylamine  reaction  characteristic 
of  a/?-unsaturated  ketones. 

I  would  add,  finally,  that  camphenilone,  if  correctly  formulated 
above,  should  yield  isonitroso  and  oxy-methylene  derivatives, 
which  are  improbable  if  Jagelki's  formula  is  true.  These  reactions 
are  under  investigation. 

New  York,  February,  1902. 
1  Ser.  d.  ckem.  Ges.,  3 a,  1340. 
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[Contribution  prom  the  Chemical  Laboratory  of  ths  North  Caro- 
lina Department  op  Agriculture.] 

DETERniNATION  OP  SULPHURIC  ACID  IN  SOILS. 

Bv  C  B.  Williams. 

Received  Much  ij,  190a. 

Sulphur  generally  occurs  in  the  soil  in  the  form  of  sulphates 
and  has  been  heretofore  estimated  by  slightly  acidifying  the  soil 
solution  with  hydrochloric  acid,  boiling  and  then  precipitating  by 
slowly  adding  barium  chloride  with  constant  stirring.  After 
standing  a  few  hours,  the  precipitate  is  filtered,  washed,  dried  and 
weighed  as  barium  sulphate  and  calculated  to  sulphur  trioxide. 

There  are  three  difficulties  generally  encountered  in  determining 
sulphuric  acid  in  soils :  ( I )  The  small  quantity  of  the  constituent 
usually  present ;  (2)  the  solubility  of  some  of  the  barium  sulphate 
precipitate  in  the  ferric  chloride  or  aluminum  chloride  or  both, 
which  are  almost  invariably  present;  (3)  as  well  as  on  the  other 
hand  the  strong  liability  of  the  precipitate  becoming  contaminated 
by  iron,  especially  if  the  soil  is  of  a  ferruginous  character  and  the 
soil  solution  is  not  strongly  acid. 

Lunge1  found  that  in  determining  sulphur  in  pyrites  unless  the 
solution  is  strongly  acidulated  with  hydrochloric  acid,  considerable 
iron  is  carried  down  with  the  barium  sulphate  and  is  not  removed 
by  washing ;  on  the  other  hand  he  found  that  the  barium  sulphate 
is  dissolved  by  the  solution  if  too  strongly  acid.  Experiments  by 
Jannasch  and  Richards2  show  that  if  sulphuric  acid  is  precipitated 
in  the  presence  of  iron,  a  double  barium  iron  sulphate  is  formed 
which,  when  ignited,  sets  free  sulphur  trioxide.  They,  in  the 
light  of  their  work,  stated  that  to  obtain  correct  results  the  iron 
had  to  be  removed  before  precipitation  with  barium  chloride. 

The  conditions  and  difficulties  cited  above  are  similar  to  those 
that  frequently  obtain  when  we  come  to  determine  sulphur  in 
soils,  for  not  infrequently  soils  contain  as  much  as  5  to  15  per  cent 
of  ferric  oxide.  Now  if  Lunge  found  it  difficult  to  estimate  sul- 
phur with  any  degree  of  accuracy  in  the  presence  of  iron  in 
pyrites,  then  may  we  not  expect  to  encounter  difficulty  when  we 
attempt  to  estimate  it  in  soils  where  the  relative  proportion  of  iron 

1  ZUckr.  anal.  Chem.%  19,  419-431 . 
*/•  PrahL  Chem.,  39,  3*1. 
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to  sulphur  is  vastly  greater  and  the  sulphur  usually  in  such 
minute  quantities  as  to  require  the  greatest  precision  without  un- 
favorable conditions? 

The  writer  in  analyzing  soils  during  the  past  year  noticed  that 
if  iron  and  alumina  were  first  removed  by  precipitation  with  am- 
monia, the  results  were  considerably  higher  in  almost  all  instances 
than  if  the  acid  was  precipitated  direct  as  directed  in  the  methods 
prescribed  by  the  Association  of  Official  Agricultural  Chemists. 
It  was  also  observed  that  the  precipitate  was  coarse-grained  and 
did  not  tend  to  run  through  the  filter  as  it  did  if  precipitated  in  the 
presence  of  iron  and  alumina. 

In  the  following  table  are  recorded  comparative  results  obtained 
by  the  two  methods,  or  rather  two  modifications  of  the  same 
method.  Those  under  "official"  are  obtained  by  the  method  pre- 
scribed by  the  Association  of  Official  Agricultural  Chemists,  while 
those  under  "modified"  are  results  obtained  by  first  removing  the 
iron  and  alumina  before  precipitating  the  barium  sulphate. 

Per  cent,  sulphur  trioxide. 


Soil  No. 

Official  method. 

Modified  method. 

Difference. 

58 

0.013 

O.040 

O.027 

59 

O.OI9 

O.037 

0.018 

60 

0.022 

O.034 

O.OI2 

61 

0.015 

O.036 

0.021 

62 

O.OI2 

O.03I 

0.019 

63 

O.039* 

O.039 

•  •  •  • 

64 

O.020 

O.040 

0.020 

65 

O.OI5 

O.032 

0.017 

66 

O.OII 

6.030 

0.019 

67 

O.050 

O.06; 

O.OZZ 

6b 

0.013 

O.029 

0.QI6 

70 

0.057 

O.065 

0.008 

7* 

O.027 

O.041 

0.014 

7« 

O.026 

O.031 

0.005 

73 

O.017 

0.027 

0.010 

74 

0.022 

O.038 

0.016 

75 

0.02I 

O.03I 

0.010 

76 

O.026 

O.041 

0.015 

77 

O.034* 

0.034 

•  •  •  • 

78 

O.I  IO* 

O.I06 

•  •  •  • 

79 

0.02I* 

O.031 

.  .  .  • 

80 

O.I03 

O.123 

0.020 

81 

O.087* 

O.I06 

•  •  .  • 

8a 

O.027 

O.055 

0.028 

83 

O.058* 

O.050 

•  •  •  • 

•  Bartam>ulphAte  colored  brown  by  the  preHence  of  iron. 
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Per  cent. 

ralpbnr  triooride. 

Soil  No. 

Official  method.    Modified  method. 

Different 

«4 

O.065 

O.098 

O.033 

85 

OX>34 

0.087 

0053 

86 

0.007 

O.083 

O.075 

87 

O.003 

O.045 

O.042 

88 

O.094 

O.057 

O.033 

?9 

O.OOO 

0.050 

O.050 

90 

O.082 

O.093 

O.OI  I 

91 

0.017 

O.046 

O.029 

9* 

O.041 

0x358 

0.017 

93 

0.027 

O.034 

0.007 

la  the  first  eleven  results  by  both  methods,  4  grams  of  soil 
were  taken  for  the  determinations,  in  the  next  twelve,  2  grams  for 
the  "official"  and  1  gram  for  the  "modified,"  and  in  the  last  twelve 
1  gram  for  the  "official"  and  2  grams  for  the  "modified"  methods. 
It  is  seen  that  the  differences  generally  with  the  last  twelve  soils 
by  the  two  methods  are  much  greater  than  in  the  preceding 
twenty-three.  The  explanation  for  this  greater  divergence  seems 
to  lie  in  the  amount  of  soil  taken  for  analysis,  as  all  other  condi- 
tions were  identical  and  it  is  noticed  that  when  only  1  gram  of  soil 
is  used  with  the  "official"  method  the  sulphuric  acid  is  precipitated 
in  such  a  finely  divided  condition  that  a  little  will  pass  the  most 
retentive  filter-paper  (No.  589,  S  &  S,  blue  ribbon)  unobserved, 
unless  the  filtrate  is  examined  very  closely  by  transmitted  light. 

Whatever  else  may  be  said,  the  results  in  the  table  point  very 
clearly  to  the  fact  that  when  sulphuric  acid  is  precipitated  in  the 
presence  of  iron  and  alumina  some  of  the  barium  sulphate  is  dis- 
solved by  either  the  ferric  chloride  or  aluminum  chloride  or  by 
both,  and  that  it  can  only  be  determined  accurately  in  soil  solutions 
in  which  these  two  bases  have  been  eliminated.  If  the  results  by 
the  "modified"  method  are  correct,  and  it  can  not  be  seen  why  they 
are  not,  as  the  ferric  and  aluminum  hydroxides  were  in  all  in- 
stances washed  at  least  ten  times,  using  about  20  cc.  at  each 
washing,  then  the  "official"  method  lacks  over  35  per  cent,  of 
getting  out  all  the  sulphur  trioxide  in  the  above  thirty-five  samples. 

In  an  experiment  to  test  the  solubility  of  barium  sulphate  in 
ferric  chloride,  it  was  found  that  when  a  solution  was  taken  con- 
taining o.  1 10398  gram  ferric  chloride  and  0.001288  gram  of  sul- 
phuric acid  (the  averages  of  both  sulphur  trioxide  and  ferric  chlo- 
ride in  the  thirty-five  samples  experimented  with  when  2  grams  of 
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soil  are  taken),  that  17  per  cent,  of  the  sulphur  trioxide  was  dis- 
solved, results  being  obtained  in  closely  agreeing  duplicates.  In 
a  preliminary  experiment  it  was  observed  that  if  the  solution  was 
only  slightly  acid  (0.2  cc.  excess  of  concentrated  hydrochloric 
acid)  iron  in  some  form,  probably  an  oxychloride,  was  frequently 
deposited  on  the  bottom  of  the  beaker  in  boiling  prior  to  the  addi- 
tion of  barium  chloride,  and  stuck  so  tenaciously  as  to  be  removed 
only  by  the  addition  of  considerably  more  hydrochloric  acid. 
This  same  phenomenon  was  often  observed  in  working  wjth  soils 
containing  a  moderately  high  percentage  of  iron  with  only  a  slight 
acidity  of  the  soil  solution. 

In  the  experiment  above  to  ascertain  the  solubility  of  barium 
sulphate  in  ferric  chloride,  3  cc.  excess  of  hydrochloric  acid  were 
•present,  as  this  was  sufficient  to  prevent  the  deposition  of  iron  and 
was  found  in  a  preliminary  trial  to  exert  an  inappreciable,  if  any, 
dissolving  effect. 

Although  the  determination  of  sulphunc  acid  is  not  at  present 
considered  by  soil  chemists  of  the  highest  importance,  because  it 
generally  exists  in  most  soils  in  sufficient  quantity  for  the  complete 
development  of  crops  for  years  to  come,  yet  its  importance  as  an 
essential  constituent  of  plant  food  and  its  probable  deficiency  in 
many  instances  has  prompted  the  writer  to  submit  the  above  re- 
sults and  observations. 


THE  INTERACTION  OF  SULPHURETTED  HYDROGEN  AND 

ARSENIC  ACID.1 

By  I*.  W.  McCay. 
Recdrtd  Much  ji,  ifM. 

From  solutions  of  arsenic  acid  which  have  been  treated  with  sul- 
phuretted hydrogen  I  have  been  able  to  separate  large  amounts  of 
monosulphoxyarsenic  acid  in  the  form  of  its  tertiary  sodium  salt, 
and  small  amounts  of  disulphoxyarsenic  acid,  also  in  the  form  of 
its  tertiary  sodium  salt.  In  addition  to  the  above-mentioned  adds 
the  solutions  appear  to  contain  some  trisulphoxyarsenic  acid. 
Thus  far,  however,  all  attempts  to  isolate  this  compound  have 
failed.  If  we  assume  its  existence  in  the  solutions,  and  a  number 
of  facts -warrant  us  in  making  the  assumption,  the  action  of 

*  The  facts  given  In  the  first  pert  of  this  article  have  been  taken  from  a  paper  which 
appeared  In  the  Ztsckr.  cm  org.  Cktm.,  so,  36  (1901). 
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sulphuretted  hydrogen  upon  arsenic  acid  would  appear  to  be  in 
harmony  with  Ostwald's  law  of  successive  reactions  (Gesetz  der 
Reactionsstufen).  The  successive  stages  through  which  arsenic 
acid  passes  during  its  transformation  into  sulpharsenic  acid  would 
then  find  expression  in  the  following  equations : 

I.  The  sulphuretted  hydrogen  is  always  present  in  large  excess. 

i.  H8As04    +  H,S  =  HgAsO,S  +  HtO 

2.  H.AsO.S  +  HtS  =  H8AsO,S,+  H,0 

3.  H,AsOtS,  +  HtS  =  H.AsOS,  +  H.O 

4.  H8AsOS8  +  H,S  =  H,  AsS4     +  HtO 

Since  sulpharsenic  acid  cannot  exist  in  the  free  state  we  have : 

sH8AsS4  =  As,SB  +  3H2S. 

The  sulphoxyarsenic  acids,  however,  are  unstable  compounds 
and  when  the  sulphuretted  hydrogen  is  present  in  the  solutions  in 
but  small  amounts  they  break  down  partially,  the  monosulphoxy- 
arsenic  acid  into  arsenious  acid  and  sulphur,  the  disulphoxyarsenic 
acid  into  arsenious  acid,  sulphur  and  the  sulphides  of  arsenic.  The 
sulphuretted  hydrogen  then  converts  the  arsenious  acid  into 
arsenic  trisulphide.  Some  arsenic  pentasulphide  is  also  formed 
according  to  I.    We'll  have  then : 

II.  The  current  of  sulphuretted  hydrogen  is  slow  or  intermit- 
tent, so  that  the  gas  is  not  continually  in  excess : 

1.  H8As04  +  H,S  =  H8AsO,S  +  H,0 

2.  2H8AsO,S  =  2HtAsO,  +  2S 

3.  2HsAsO,  +  3H,S  =  As>Ss  +  6H.0 

4.  H8As08S  +  HtS  =  H8AsO,S,  +  H,0 

5.  6H,AsOfSf  =  AslS6  +  AS.S,  +  4S  +  2H,AsO,  +  6HtO 

6.  2H8AsO,S,  +  H,S  =  As,S6  +  4H,0,  etc. 

When,  therefore,  in  these  circumstances,  the  arsenic  is  all  down, 
the  precipitate  will  consist  of  a  mechanical  mixture  of  arsenic 
pentasulphide,  arsenic  trisulphide  and  sulphur,  and  this  is  in 
accordance  with  the  facts. 

The  changes  which  occur  when  sulphuretted  hydrogen  acts  on 
arsenic  acid  remind  us  forcibly  of  the  reactions  of  organic  chem- 
istry.    Are  the  former  analogous  to  esterifications,1  or  are  they 

o  or  o 

<&  /  * 

»  R .  OH  +  CH3.C— OH  -  CH, .  C  —  O!  H  ►-*  CHa .  C-OR   h  HOH. 

\oH 
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true  ionic  reactions  ?  I  firmly  believe  that  they  are  ionic  reactions, 
not  simple  but  complex  ionic  reactions.  However,  to  settle  the 
matter  beyond  a  doubt  we  need  more  facts.  If  the  changes  are 
additions  and  splittings,  the  mechanism  of  the  various  steps  can 
be  represented  by  the  following  equations : 


z01 


>H  |Hp\     /jOHJ  /OH 

1.  0=As— OH+HSH=  As— OH  ~S=As— OH+HOH 


\)H  HCT       \>H  'N 


OH 


X>H  jHjSy     /jOHj  .OH 

a.  S=As— OH+HSH=  As— OH  —  S=As-^OH+HOH 

\>H  HS'      \>H  ^SH 


«••••**•*< 


3.  S= As— OH+HSH=  As— OH  —  S  = As— SH+HOH 

^H  HS'      ^HS  ^H 


1 


X)H  jHjSv       /jOHj  JSH. 

4.  S=As— SH+ HSH=  As— SH  —  S  = As— SH + HOH 

^H  HS^     ^SH  ^SH 

yjS  H  Hj  Sy 

S  =  As—  SlH       HSi— As=S~S=As— S— As=S  +  3HSH 

Nif=l^  'a       1 

Let  us  now  endeavor  to  see  if  the  electrolytic  dissociation  theory 
can  be  applied  to  an  interpretation  of  the  reactions. 

The  various  hydrogen  atoms  of  a  polybasic  acid  have  different 
values  as  regards  the  strength  of  the  latter.  The  first  atom  of  hy- 
drogen in  a  molecule  of  such  an  acid  is  always  that  of  a  stronger 
acid  than  the  second,  while  the  third  and  fourth  follow  in  the  same 
order.  The  first  step  in  the  dissociation  of  a  polybasic  acid  is  the 
most  important  one,  and  the  amount  of  this  dissociation  depends 
upon  the  relative  strength  of  the  acid.  Now  since  arsenic  acid  is  a 
weak  acid,1  the  dissociation  which  it  undergoes  when  we  dissolve 

1  According  to  WsJden's  measurements,  it  ii  about  so  per  cent,  dissociated  in  01. 
ol. 
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it  in  water  will  be  necessarily  small,  so  that  the  second  and  third 
steps  in  the  breaking-down  of  the  molecule  can  be  neglected : 

H,As04HH,As0'4  +  H* 
But  since  arsenic  exhibits  basic  as  well  as  acid  properties,  it 
seems  reasonable  to  assume  that  arsenic  acid  can  also  undergo  a 
slight  basic  dissociation.  What  has  just  been  said  in  regard  to 
the  dissociation  of  a  polybasic  acid  is  correspondingly  true  of  a 
polyacid  base.  The  first  step  in  the  dissociation  is  the  important 
one  and  since  arsenic  acid,  if  looked  upon  as  a  base,  is  undoubtedly 
a  very  weak  one,  the  second  and  third  stages  in  the  cleavage  of  the 
molecule  can  be  disregarded.  The  basic  dissociation  of  the  com- 
pound would  be  represented  thus : 

h,aso4  rr  HtAscr,  +  oh'. 

We  may  indicate  both  dissociations  in  this  way : 

OH'  +  H„AsO",  ZZ  H,As04  ZZ  H,  AsO/  +  H\ 

The  foregoing  equation  represents  then,  the  equilibrium  ex- 
isting in  an  aqueous  solution  of  arsenic  acid.  The  C(oh')  is  ex- 
tremely small,  less  even  than  the  C(0h')  in  water,  because,  in 
general, 

C(H*)  X  C(OH')  =  K 

and  if  we  increase  the  C<h«)  the  C(oh>  will  correspondingly  de- 
crease. An  aqueous  solution  of  arsenic  acid  has  a  far  greater 
value  of  C(h-)  than  pure  water,  and  hence  a  much  less  value  of 

C(OH')« 

Again,  consider  the  expression 

C(OH')  X  C(H1As01)  =  K,  X  C(H,AsO,)- 

Here  the  numerical  value  of  K,  is,  of  course,  unknown,  but  even 
though  it  is  undoubtedly  very  small,  the  value  of  C(h,a*v)  may 
still  be  appreciable,  since  the  value  of  C(oh')  is  kept  so  extremely 
low  by  the  considerable  concentration  of  the  H'  ions. 

Allow  the  solution  to  be  saturated  and  kept  saturated  with  sul- 
phuretted hydrogen. 

HtS  ZZ  H'  +  SH'. 

The  degree  of  dissociation  is  slight,  for  sulphuretted  hydrogen 
is  a  very  weak  acid.  The  dissociation,  too,  will  be  depressed  to 
some  extent  by  the  hydrogen  ions  of  the  arsenic  acid,  seeing  that 
arsenic  acid  is  a  stronger  acid  than  sulphuretted  hydrogen.     It  is 


SULPHURETTED  HYDROGEN  AND  ARSENIC  ACID.  665 

plain,  however,  that  the  C(oh')  in  the  solution  will  be  far  less 
than  the  C(bh')> 

If,  now,  some  SH'  ions  and  sorte  HtAsO*,  ions  unite,  some  un- 
dissociated  monosulphoxyarsenic  acid  will  be  formed,  the  equilib- 
rium of  the  system  will  be  disturbed,  more  H,AsO',  ions  will  ap- 
pear and  more  monosulphoxyarsenic  acid  will  come  into  existence. 
In  spite,  therefore,  of  the  very  small  value  of  C(h,ak)-,)  at  the 
moment  when  the  sulphuretted  hydrogen  is  introduced  into  the 
solution,  the  resulting  C(sh')  value  will  soon  become  sufficiently 
great  to  occasion  the  production  of  a  measurable  amount  of  mono- 
sulphoxyarsenic acid, 

Hf  AsO',  +  SH'  =  H.ASO.S. 

Monosulphoxyarsenic  acid  is  capable  of  undergoing  two  kinds 
of  basic  dissociation : 

'     1 .  H, AsOfS  Z2  SH'  +  H, AsO', 
and 

2.  HiAsO,S£rOH'  +  H,AsOtS\ 

Since  the  SH'  ions  are  far  in  excess  of  the  OH'  ions,  the  second 

kind  of  dissociation  would  probably  predominate  and  since  the 

solution  is  kept  saturated  with   sulphuretted  hydrogen,   some 

HjAsOjS*  ions  will  combine  with  SH'  ions  and  some  undissociated 

disulphoxyarsenic  acid  will  be  produced.    The  disulphoxyarsenic 

acid  will,  in  its  turn,  yield  H,AsOS't  and  OH'  ions,  and  H,AsOS's 

and  SH'  will  unite  to  form  some  trisulphoxyarsenic  acid,  and  so  on 

to  the  end. 

The  small  ionic  concentrations  and  the  appearance  and  disap- 
pearance of  the  complex  ions  are  quite  in  harmony  with  the  slug- 
gishness of  the  reactions,  and  a  consideration  of  the  rates  of  the 
various  transformations  would  indicate  the  existence,  at  some 
time  during  the  interactions,  of  a  considerable  concentration  of 
monosulphoxyarsenic  acid ;  later  the  maximum  concentration  of  the 
disulphoxyarsenic  acid,  which,  however,  would  be  less  than  the 
maximum  concentration  of  the  former,  and  later  still  the  maximum 
concentration  of  the  trisulphoxy-compound,  which  indications  are 
in  accordance  with  the  fa^ts. 

Now  Brauner  and  Tomicek,1  as  well  as  Neher,2  have  shown  that 
strong  acids  (HG1  and  H2S04)  accelerate,  in  a  most  pronounced 
way,  the  transformation  of  arsenic  acid  by  means  of  sulphuretted 
hydrogen  into  sulpharsenic  acid,  so  the  question  at  once  arises, 

1  J.  Ckem.  Soc.,  gj,  H5- 

*  Zhehr.  anal.  Ch*m.%  jj,  45. 
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What  role  do  these  strong  acids  play  ?  In  the  light  of  what  I  have 
already  said  it  is  evident  that  the  increase  in  the  value  of 
C(H*)»  due  to  the  presence  of  such  acids,  serves  to  decrease  the 
value  of  C(oh')  and  so  promotes  the  basic  dissociation  of  the 
arsenic  acid.  These  strong  acids  will,  of  course,  lower  the  disso- 
ciation of  the  sulphuretted  hydrogen,  but  we  must  remember  that 
while  the  value  of  C(sh')  undoubtedly  falls  off,  that  of  C<oh')  is 
reduced  in  a  vastly  greater  proportion. 

Given  then  an  aqueous  solution  of  arsenic  acid,  saturated  and 
kept  saturated  with  sulphuretted  hydrogen,  or  given  an  aqueous 
solution  of  arsenic  acid  containing  a  considerable  amount  of  a 
strong  mineral  acid  (HC1)  and  saturated  and  kept  saturated  with 
sulphuretted  hydrogen,  and  omitting  any  consideration  of  the 
second  and  third  steps  in  the  basic  dissociation,  we  may  represent 
the  successive  reactions  in  the  following  way : 

i.  HtkaOAZZHtAaO\  +  OH' 

2.  HtAsO'f  +  SH'  =  H.ASO.S1 

3.  H,AsOaS  J3  Hf AsO,S'  +  OH' 

4.  H,AsOtS  +  SH'  =  HtAsO,S, 

5.  H,AsOtS,  ZZ  HtAsOS',  +  OH' 

6.  Hf AsOS',  +  SH'  =  H.AsOS, 

7.  H.AsOS.rTH^AsS",  +  OH' 

8.  HtAsS',  +  SH'  =  H8AsS, 

The  sulpharsenic  acid  then  breaks  down : 

2HtAsS4  =  As2Sft  +  3HfS. 

Neher1  observed  a  number  of.  years  ago,  and  his  results  have 
been  confirmed  by  Weinland*  and  myself,8  that  when  arsenic  acid  is 
present  in  a  mixture  of  two  volumes  of  strongest  aqueous  hydro- 
chloric acid  and  one  volume  of  water,  sulphuretted  hydrogen  pre- 
cipitates the  arsenic  almost  instantly  as  the  pentasulphide.    If 

1  Since  the  structural  formula  for  monosulphoxyarsenic  add  is  undoubtedly 
S  —  As(OH)»  it  would,  perhaps,  be  more  rational  to  assume,  in  the  solution,  the  pres- 
ence of  the  normal  compound  As(OH)f 

As(OH)»^As(OH)'4  +  OH' 

OH  /OH 

As(OH)%  +  SH'  -  As  OH  •-•>  S  *  As— OH  +  HOH.  etc 

JS«.  \>H 

•  Xtsrkr.  «**#.  CArst.,  ja»  45* 

*  Ztsckr.  mmtvf*  Chem.t  i4, 44. 
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the  rapid  formation  of  the  pentasulphide  is  in  this  case  due  to  the 
C(h-)  then  any  strong  acid  which  would  give  as  great  a  C(h->  as 
hydrochloric  acid  should  have  a  similar  effect,  providing,  of 
course,  the  anions  occasion  no  disturbing  by-reactions.  Neher 
tried  sulphuric  acid  and  found  that  it  acted  in  a  manner  analogous 
to  hydrochloric  acid.  Nitric  acid  must  be  excluded  but  the  be- 
havior of  other  strong  acids  would  prove  interesting.  There  is, 
however,  another  way  of  looking  at  the  matter.  Assuming,  as  we 
have  done,  that  arsenic  acid  can  act  as  a  very  weak  base,  in  the 
presence  of  a  great  excess  of  such  a  strong  acid  as  hydrochloric 
acid,  the  production  of  the  salt  arsenic  pentachloride1  is  at  least 
not  impossible.  It  would  doubtlessly  be  formed  by  stages  but  the 
final  product  of  the  reaction  we  may  assume  to  be  the  penta- 
chloride : 

AsCI3rTAs;;'+  5CI 

2A3"'  +  10SH'  =  2H,AsS4  +  2H,S—  As,S6  +  5H,S. 

If  the  train  of  reasoning  above  given  be  correct,  the  facts  cited 
in  my  .paper  in  the  Zeitschrift  fur  anorganische  Chemie  find  a  very 
satisfactory  explanation  in  terms  of  the  electrolytic  dissociation 
theory. 

In  closing  I  wish  to  express  my  sincere  thanks  to  Dr.  George  A. 
Hulett,  of  the  University  of  Michigan,  for  his  kindness  in  suggest- 
ing to  me  the  possibility  of  arsenic  acid  undergoing  a  slight  basic 
dissociation,  as  well  as  for  the  friendly  interest  he  has  shown  in 
my  work. 

FmnvcsToif,  N.  J.,  February  1,  190a. 
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Although  the  solubility  of  the  substance  CaS04.2H30  has 
been  the  subject  of  investigation  by  many  careful  workers,  the  re- 
sults vary  widely,  while  the  experimental  errors  are  comparatively 
small.  The  cause  of  these  discrepancies  was  pointed  out  by 
Hulett,9  in  the  course  of  an  investigation  of  the  influence  of 

1  In  this  case  we  would  have  to  assume  that  the  aqueous  solution  of  arsenic  acid  con. 
tains  the  normal  compound  H*AftOft. 
*  Ztsckr.  pkys.  Ckrm„  37,  383. 
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surface-tension  on  solubility,  where  it  was  shown  that  the  energy 
existing  on  the  surface  between  a  solid  and  its  saturated  solution  is 
a  measurable  factor  of  the  solubility.  The  concentration  of  the 
solution  in  equilibrium  with  a  curved  surface  is  different  from  that 
in  equilibrium  with  a  plane  surface.  Attention  was  called  to  a 
normally  saturated  solution;  •'.  e.,  the  solution  which  is  in  equilib- 
rium with  a  plane  surface  of  the  solid,  and  it  was  shown  that  a 
convex  surface  will  show  greater  solubility  and  a  concave  one  a 
less  solubility  than  a  plane  surface;  e.  g.,  if  the  solid  is  finely 
divided  the  solubility  will  be  noticeably  greater;  in  the  case  of 
gypsum1  the  solubility  was  increased  20  per  cent,  by  decreasing 
the  size  of  the  particles  to  0.3  micron.  When  larger  pieces  of 
gypsum  were  placed  in  a  flask  with  water  and  rotated  in  a  ther- 
mostat— the  usual  method  of  saturating  a  solution — the  concentra- 
tion became  5  per  cent,  greater  than  a  normally  saturated  solution 
at  the  same  temperature,  because  gypsum  is  a  very  soft  mineral 
and  is  easily  ground  to  powder.  It  was  therefore  found  necessary 
to  remove  all  the  small  particles  and  then  cause  the  liquid  to 
rotate  over  the  solid,  but  without  disturbing  it. 

At  25  °  a  normally  saturated  solution  of  gypsum  contained  15.33 
milligram-molecules  in  a  liter  (a  supersaturated  solution  was 
stirred  in  contact  with  the  gypsum  plates  at  25  °  C.  and  decreased 
in  concentration  to  15.33  milligram-molecules  to  a  liter,  leaving  no 
doubt  as  to  the  question  of  equilibrium  having  been  established). 
All  previous  determinations  of  the  solubility  of  gypsum  vary  more 
or  less  from  the  above  figure  for  25 °  C,  and  the  results  are  greater 
than  15.33  milligram-molecules  in  a  liter,  indicating  that  where 
care  had  been  taken  to  avoid  supersaturation,  the  solutions 
analyzed  were  still  those  in  equilibrium  with  more  or  less  convex 
surfaces,  due  to  the  fact  that  too  finely  divided  gypsum  had  been 
used.  In  view  of  the  above  facts  and  the  special  importance  of 
the  solubility  curve  of  gypsum,  a  careful  determination  of  the  con- 
centrations of  normally  saturated  solutions  of  gypsum  was  under- 
taken. 

SOLUBILITY  IN  GENERAL. 

The  question  as  to  how  solubility  shouldbeexpressed  has  received 
very  little  attention  and  with  the  numerous  methods  in  vogue 
there  is  little  uniformity  in  the  published  results.    The  densities  of 
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the  solutions  worked  with  are  seldom  given  and  the  lack  of  these 
data  often  excludes  comparisons  or  recalculations.  In  the  case  of 
a  slightly  soluble  substance  like  gypsum  (2.4  grams  per  liter)  the 
results  are  mostly  given  as  parts  of  water  to  dissolve  i  part  of 
gypsum,  while  from  the  context  it  appears  that  the  calcium  sul- 
phate was  determined  from  a  volume  of  the  solution.  The  ques- 
tion of  the  density  of  the  solutions  is  not  mentioned  so  the  results 
are  in  reality  volumes  of  solution  which  contain  1  gram  of  calcium 
sulphate,  or  gypsum/  as  the  case  may  be.  The  error  is  not  negli- 
gible and  increases  with  the  temperature. 

If  a  quantity  of  the  solution  is  weighed  out  in  a  weighing  bottle1 
and  the  solute  (the  dissolved  substance)  is  determined  gravi- 
metrically,  the  results  are  very  definite  as  far  as  the  masses  of  the 
solvent  and  the  solute  are  concerned  and  the  results  are  to  be  ex- 
pressed as  parts  of  solute  to  100  parts  of  solution,  or  parts  of 
solvent  for  1  part  of  solute,  or  better  still  as  gram-molecules  dis- 
solved by  100  gram-molecules  of  solvent,  but  the  density  is  still 
needed  as  a  control  and  to  allow  of  comparison  with  results  deter- 
mined from  volume.  The  results  expressed  as  parts  of  solute  to 
100  parts  of  solution  yield  for  the  temperature  curve  nearly 
straight  lines,1  but  not  in  all  cases,  and  while  there  may  be  some 
advantage  in  locating  a  break  or  the  appearance  of  a  new  phase 
when  the  curves  are  straight  lines,  still  there  is  so  little  known  at 
present  concerning  the  relation  of  solubility  to  other  magnitudes 
that  this  choice  would  be  quite  arbitrary. 

A  pipette  is  an  exceedingly  accurate  instrument  if  graduated 
to  volume  (not  grams  water  weighed  in  air),  and  the  contents 
rinsed  out.  The  volume  taken  is  thus  diluted  by  the  rinsing 
water  but  the  mass  of  the  solute  is  determined  gravimetric- 
ally.  If  the  pipette  is  provided  with  a  ground  glass  cap  for 
the  lower  end,  it  serves  at  the  same  time  as  a  pycnometer,  or  a 
good-sized  pycnometer  may  be  used  for  a  pipette,  first  determining 
the  density  then  washing  out  the  solution  and  determining  the 
solute  analytically.  In  this  manner  not  only  the  weight  of  the 
solution  and  solute  are  obtained  but  also  the  volume  of  the  solution 
and  the  results  can  be  expressed  as  gram-molecules  of  the  solute 
in  a  liter,  or  in  any  manner  desired.  Since  from  the  modern 
standpoint    the    dissolved    substance    is    regarded    as    a    gas, 

1  Van*t  Hoff :  Vorlesunffen,  p  34. 
*  EUrd :  Comfit,  rend.,  108, 176. 
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there  is  much  to  be  said  in  favor  of  expressing  the  solu- 
bility results  as  concentration  or  gram-molecules  in  a  liter 
of  the  solution.  A  knowledge  of  the  vapor-pressure  of 
the  solution  is  also  very  desirable  as  it  allows  of  a  calcu- 
lation of  the  osmotic  pressure  and  the  application  of  other  thermo- 
dynamic relations.  With  electrolytes  conductivity  is  also  ex- 
pressed  in  terms  of  concentration,  while  solutions  for  volumetric 
analysis,  with  which  all  chemists  are  familiar,  consider  only  the 
volume  and  mass  of  the  solute.  Complete  data  would  include  a 
determination  of  the  mass,  volume,  and  concentration  of  the 
normally  saturated  solution ;  the  conductivity,  if  electrolyte,  should 
be  taken  as  a  control  and  also,  if  possible,  the  vapor-tension. 

THERMOSTATS. 

For  temperatures  below  that  of  the  surroundings,  there  seems  to 
be  no  satisfactory  device  for  accurately  controlling  the  tempera- 
ture. In  using  the  ordinary  Ostwald  regulator  and  a  cooling  tube 
in  the  bath,  a  good  deal  of  tap  water  is  required.  This 
is  due  to  the  effect  of  the  small  flame,  which  continually 
burns  beneath  the  bath.  If  we  do  away  with  this 
flame  and  have  the  bath  well  covered  with  felt  and 
the  top  protected  by  glass  and  felt,  then  a  very  little  ice- 
water  from  a  convenient  tank  will  keep  the  temperature  down. 
A  short  coil  of  very  fine  platinum  wire  is  arranged  above  the 
mouth  of  the  regulator  burner  and  by  means  of  the  second  hand  of 
a  clock,  which  makes  and  breaks  an  electric  current,  this  platinum 
wire  is  made  to  glow  an  instant  every  minute ;  now  the  regulator 
can  shut  the  gas  off  entirely  and  when  let  on  again  the  platinum 
which  glows  once  every  minute  will  light  it.  With  our  large  45- 
liter  bath  well  protected  with  felt,  the  temperature  can  be  main- 
tained quite  as  accurately  below  as  above  room  temperature  and 
with  very  little  ice-water  dropping  into  the  bath. 

The  thermostat  used  at  zero  consisted  of  a  large  tank  of  45 
liters*  capacity,  filled  with  fine  cracked  ice.  The  Bunsen  flask  used 
for  solution  was  sunk  into  the  ice  and  stood  on  a  tripod.  The 
bath  was  covered  on  all  sides  with  a  thick  layer  of  felt  and  the  ice 
kept  for  fully  twenty-four  hours  without  replenishing,  the  temper- 
ature remaining  almost  absolutely  constant. 

For  all  temperatures  above  room  temperature,  except  at  ioo° 
C,  a  large  bath  was  used  which  was  covered  on  the  sides  with 
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several  thicknesses  of  asbestos,  the  bottom  being  also  covered, 
with  the  exception  of  a  small  circular  place  in  the  center  for  the 
flame,  and  the  top  was  covered  with  glass  plates  and  asbestos.  The 
thermostat  was  let  into  a  table  so  that  it  projected  about  10  cm. 
above  the  top.  Below,  and  extending  from  the  table  to  the  floor, 
four  large  sheets  of  asbestos  enclosed  the  lower  part  of  the  bath, 
thus  preventing  draughts,  etc.,  from  effecting  the  temperature. 

This  bath  enabled  us  to  keep  within  o.i°  even  at  75  °. 

Jena  flasks,  Erlenmeyer  form,  were  used,  the  flask  being 
immersed  to  the  neck  in  the  bath  and  covered  so  that  there  was  no 
distillation  and  condensation  in  the  neck.  The  temperature  was 
controlled  to  within  0.1  or  0.05  of  a  degree  during  saturation.  A 
Shultz  stirrer  was  used  in  the  flask  and  the  height  of  the  stirrer 
was  so  regulated  that  the  arms  did  not  disturb  the  gypsum  plates, 
but  kept  the  solution  in  a  slow  but  steady  motion  over  them,  the 
stirrer  running  about  50  revolutions  per  minute. 

The  bath  used  for  ioo°  C.  was  much  smaller  than  those  used  for 
the  other  temperatures,  being  of  about  7  liters'  capacity.  .  The  bath 
was  filled  about  a  third  full  of  water  so  that  the  flask  was  not  im- 
mersed in  the  boiling  water,  but  was  completely  surrounded  with 
steam.  A  long-necked  Florence  flask  (Jena)  was  used  and  to 
prevent  evaporation,  a  test-tube  which  fitted  nicely  into  the  neck 
of  the  flask,  was  provided  with  a  short  tube  below  for  the  passage 
of  the  stirrer-rod ;  the  stirrer-rod  was  supported  also  by  the  cork  in 
the  upper  part  of  the  test-tube.  The  flask  was  thus  closed  off  at  the 
point  where  the  neck  joined  the  flask  and  was  so  full  of  water  that 
there  was  little  free  surface  for  evaporation ;  this  scheme  effectu- 
ally prevented  distillation  from  the  solution  even  at  ioo°. 

All  density  determinations  were  made  with  a  Sprengel-Ostwald 
pycnometer,  capacity  25  cm8.  The  end  of  the  capillary  arm  of  this 
pycnometer  was  provided  with  a  ground-on  cap  to  prevent  loss  by 
evaporation  or  in  handling.  As  a  control,  the  density  of  water 
was  determined  at  the  temperature  of  the  experiment,  and  then 
the  gypsum  solution,  under  exactly  the  same  conditions.  The  re- 
sults were  calculated  to  weight  in  vacuum  and  from  the  known 
density  of  water,  the  density  of  the  solution  was  calculated  to 
}£?-  that  is,  referred  to  water  at  40  C.  Duplicates  agreed  to 
the  fifth  decimal  place,  leaving  the  sixth  uncertain. 
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ANALYTICAL  METHODS. 

The  analytical  results  were  based  on  the  amount  of  anhydrous 
calcium  sulphate  in  100  cm*  (volume)  of  the  gypsum  solution 
saturated  at  a  given  temperature.  The  samples  for  analysis  were 
taken  from  the  solution  flask  while  still  immersed  in  the  constant 
water-bath,  by  filling  an  accurately  standardized  100  cm* 
(volume)  pipette  and  at  once  allowing  the  solution  to  run  into  a 
weighed  platinum  dish,  thoroughly  rinsing  the  pipette  with 
distilled  water.  The  duplicate  samples  were  then  evaporated  to 
dryness  on  water-baths,  using  condensing  funnels  to  exclude  dust. 
When  evaporated  to  dryness  the  platinum  dishes  were  placed  in  a 
specially  constructed  glowing  oven,  made  as  follows :  A  cylindrical 
sheet-iron  or  tin  jacket  was  covered  with  asbestos,  the  seams  of 
the  asbestos  being  cemented  together  with  a  little  sodium  silicate. 
A  conical  cover  was  made,  covered  in  the  same  manner,  and  having 
a  small  hole  in  the  apex  to  allow  of  the  escape  of  the  gases  of 
combustion.  Within  the  jacket  and  about  in  the  center  was  sup- 
ported a  casserole  in  which  the  platinum  dish  was  placed,  stand- 
ing on  three  small  pieces  of  porcelain.  The  casserole  was  then 
covered  with  an  inverted  evaporating  dish.  The  whole  apparatus 
was  supported  on  a  ring  stand  and  heated  from  underneath  with  a 
Detroit  burner.  In  this  way  the  samples  of  gypsum  could  be  care- 
fully heated  and  the  temperature  within  the  casserole  was  sufficient 
to  completely  dehydrate  the  gypsum,  but  too  low  to  decompose  the 
calcium  sulphate  as  the  following  experiment  showed. 

A  known  weight,  0.8788  gram,  of  the  gypsum  plates  were 
placed  in  a  weighed  platinum  dish  and  put  in  the  glowing  oven. 
After  glowing  for  one  and  three-quarter  hoars,  the  platinum  dish 
was  cooled  and  weighed,  giting  the  following  weight — 51.5600 
grams;  the  dish  was  replaced  in  the  oven  and  glowed  for 
two  hoars  under  the  same  conditions  and  again  cooled  and 
weighed,  giving  the  same  weight  as  before — 51. 5600  grams.  The 
loss  of  water  was  within  ai  per  cent  of  the  theoretical.  It  was 
noticed  that  the  weight  of  die  calcium  sulphate  would  increaseif  left 
for  a  little  time  in  the  air ;  hence,  it  seems  to  beslightly  hygroscopic 
and  the  weighings  were  made  rabidly.  The  first  heating  gave  the 
approximate  weight  and.  having  this,  die  second  and  following 
heatings  could  be  done  so  rapidly  that  the  error  was  entirely  negli- 
gible.   The  residue  of  the  above  experiment  was  digested  with  a 
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little  water  but  showed  no  suggestion  of  an  alkaline  reaction,  while 
the  weight  indicated  that  it  had  not  lost  sulphur  trioxide,  nor  did 
it  lose  weight  on  continued  heating. 

The  gypsum  used  in  this  work  was  the  same  as  that  used  in  the 
previous  work  on  gypsum.1  It  was  from  a  very  large  and  per- 
fectly clear  crystal  from  Wyoming.  Analysis  of  a  saturated  solu- 
tion of  this  gypsum  showed  no  trice  of  chlorine.  The  gypsum 
was  broken  up  into  thin  plates  of  1.0  to  0.5  mm.  thickness,  and 
all  fine  particles  were  removed  by  repeated  washing  and  decanta- 
tion  with  distilled  water.  The  water  used  was  obtained  by  re- 
distilling distilled  water  after  addition  of  barium  hydroxide,1  only 
water  having  a  conductivity  of  less  than  1.5  X  10""*  being  used  for 
the  solution  of  the  gypsum.  The  capacity  of  the  cells  used  in 
this  work  was  determined  by  a  N/50  potassium  chloride  solution, 
using  the  above  water  and  carefully  purified  and  fused  potassium 
chloride.  The  results  represent  the  conductivity  of  a  cubic  centi- 
meter of  the  solution  compared  to  a  solution,  1  cc.  of  which  has  a 
resistance  at  the  temperature  of  1  ohm  (106.3  Sr.«  **g  at  °°) 
(Kohlrausch  unit).  , 

The  following  table  (I)  gives  the  results  obtained  in  this  investi- 
gation; column  II  gives  the  actual  weights,  in  duplicate,  of  the 
calcium  sulphate  (heated  to  constant  weight  as  above  described) 
from  100  cm*  of  the  solution  measured  at  the  temperature  of  the 
experiment.  Column  III  gives  the  calculated  milligram-molecules 
in  a  liter  at  the  temperature  of  the  experiment.  The  result  for 
1070,  11.39  milligram-molecules  in  a  liter,  is  exterpolated,  and  the 
course  of  the  curve  I  (Fig.  I)  is  so  uniform  that  this  figure  is 
probably  correct  to  the  first  decimal  place.  This  point  is  the  end 
of  the  gypsum  curve  since  van't  Hoff  and  Armstrong*  have  shown 
that  at  this  temperature  the  vapor-pressure  of  gypsum  equals  that 
of  water  and  (since  the  vapor-pressure  of  the  gypsum  solution 
varies  so  slightly  from  that  of  water)  this  is  the  temperature  at 
which  gypsum  turns  to  halfhydrate.  At  1070,  under  normal 
conditions,  there  is  a  break  in  the  curve,  and  the  continuation  is 
the  curve  which  is  in  equilibrium  with  CaS04.j4H20. 

Column  IV  gives  the  density  ~?  at  the  temperature  of  the 
experiment ;  these  data  allow  of  a  recalculation  of  the  concentra- 

1  Loc.  at. 

*  Hnlctt :  Ztschr.  fikys.  Ckem.t  Jl,  397. 

»  SitM.  Ber.,  (1900),  p.  559. 
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tion  to  asy  other  standard.  The  weights  are  all  corrected  to 
vacuum.  The  densities  differ  rather  uniformly  from  water  by 
+  0.002.  At  25  °  C.  for  example,  from  the  density  and  the  mass 
of  solute  (regarding  it  as  calcium  sulphate  and  specific  gravity  3), 
we  find  the  density  of  the  solvent  slightly  greater  than  water 
(0.99773)  instead  of  (0.99710),  that  is,  the  condensation  of  the 
solvent  is  very  slight,  only  0.00063. 

Columns  V  and  VI  give  the  electrical  conductivity  in  the 
standard  unit.  These  were  taken  primarily  to  determine  when 
the  solution  was  saturated.  Into  a  1 J4  liter  Erlenmeyer  flask  with 
the  bottom  covered  1  cm.  deep  with  small  gypsum  plates  was  brought 
about  1  liter  of  conductivity  water,allatthetemperatureofthebath, 
and  the  liquid  rotated  about  fifty  times  per  minute,  and  since  the 
gypsum  plates  were  not  disturbed  the  solution  above  was  always 
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clear.  From  this  every  five  or  ten  minutes  (at  first),  10  cm* 
was  removed  and  its  conductivity  determined.  Under  these  condi- 
tions, which  could  not  be  regarded  as  overfavorable  for  rapid 
saturation,  it  was  found  that  saturation  took  place  in  from  forty  to 
ninety  minutes,  depending  on  the  temperature,  as  can  be  seen  in 
column  VII.  Of  course  the  rate  of  solution  depends  on  several 
factors,  but  in  the  case  of  gypsum  it  seems  to  be  fairly  rapid,  anc* 
this  agrees  with  the  observations  of  Bruner  and  Tallocyko.1 


B  H-SO 


O  "'Dwejr'n  remits"  Id  diagram 

Cameron'  assumes  that  the  rate  of  solution  is  very  slow  and  en- 
deavors to  explain  the  discrepancies  in  the  published  solubility  re- 
sults as  due  to  undersaturated  solutions,  whereas  the  results 
generally  are  on  the  other  side  of  normally  saturated  solutions. 

The  preceding  table  gives  the  results  of  normally  saturated 
solutions  starting  from  water  and  gypsum  and  assuming  that 
equilibrium  was  reached  when  the  conductivity  of  the  liquid  was 

>  ZUtkr.  axtrt.  Chtm.,  it,  j». 
■/.flrj,.C*™...,S6j. 
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constant,  although  in  all  cases  the  liquid  was  rotated  over  the 
gypsum  plates  for  an  extra  hour  or  two  before  the  analysis  was 
made.  A  solution  saturated  at  25 °  C.  (or.  which  from  con- 
ductivity showed  15.29  milligram-molecules  per  liter)  was 
brought  to  o°  and  rotated  in  contact  with  the  gypsum  plates.  The 
conductivity  slowly  decreased  but  it  required  two  days,  or  forty- 
eight  hours  to  become  constant,  and  analysis  gave  for  100  cm* 
0.1758  gram  calcium  sulphate,  whereas  the  solution  starting  from 
water  and  gypsum  at  o°  C.  gave  0.1760  and  0.1758  gram  while  the 
conductivity  of  the  two  solutions  was  the  same. 

At  25  °  C.  the  system  water-gypsum  showed  a  constant  conductivity 
of  0.002206  in  seventy-five  minutes,  while  the  previous  work1 
showed. that  a  solution  saturated  at  35 °  C.  and  brought  to  25 °  C. 
gradually  decreased  in  conductivity,  and  after  twelve  hours 
reached  the  normal  value  A  =  0.002208.  These  results  show 
that  our  method  gave  us  equilibrium,  but  it  was  deemed  advisable 
to  test  this  point  above  the  change  in  the  solubility  curve  at  40 ° 
C,  so  50 °  C.  was  the  temperature  selected ;  first  a  saturation  was 
madcf  at  380  C. ;  then  the  system  was  brought  to  500  C,  where  it 
was  found  that  the  solubility  slowly  decreased  and  next  morning 
had  already  become  constant.  An  analysis  of  the  solution  gave 
per  100  cm8  0.2049  gram  and  0.2045  gram  calcium  sulphate  re- 
spectively. Water  and  gypsum  plates  were  brought  together  at 
50 °  C,  and  in  about  forty  minutes  the  conductivity  had  become 
constant,  and  an  analysis  showed  0.2040  gram  ^calcium  sulphate 
in  100  cm8.  In  these  experiments  evaporation  from  the  solution 
was  prevented  in  the  same  manner  as  in  the  experiment  at  ioo°  C. 

These  experiments  seem  to  settle  conclusively  the  question  of 
equilibrium.  Above  500  the  conductivity  seems  to  indicate  that 
the  glass  of  the  flask  was  slightly  attacked,  although  not  enough  to 
sensibly  affect  the  solubility  results. 

The  early  works  on  the  solubility  of  gypsum  have  only  a 
historical  interest,  although  the  result  given  by  Giese*  of  380  parts 
of  cold  water  to  dissolve  1  gram  of  gypsum  is  not  far  wrong  for 
room  temperature ;  but  388  parts  of  boiling  water  to  1  of  gypsum  is 
quite  wrong.  Tlpp8  also  gives  388.  parts  of  water  to  1  of  gypsum 
at  i5°-20°  C. 

1  Ztsckr.  pkys.  Chem.,  37,  391. 

*  Auflage  Gmclin's  Handbuch,  Vol.  V.,  183. 

*  lakraberickl,  (1864),  5, 323. 
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Marignac1  showed  that  it  was  exceedingly  easy  to  obtain  a 
supersaturated  solution  of  gypsum  and  that  such  a  solution  was 
very  slow  to  come  to  equilibrium,  even  in  the  presence  of  an  excess 
of  the  solid  gypsum.  Marignac  made  determinations  between  o° 
and  ioo°,  taking  care  to  have  an  excess  of  finely  divided  gypsum 
uniformly  distributed  through  the  solution,  and  the  system  was 
undoubtedly  in  equilibrium  before  a  part  of  the  clear  solution  was 
analyzed.  He  was  able  to  show  that  the  results  of  his  prede- 
cessors were  affected  by  the  phenomena  of  supersaturation. 

Droez*  confirmed  Marignac'*  results  and  added  several  of  his 
own.  He  especially  showed  that  the  equilibrium  could  be  reached 
from  either  side,  emphasizing  the  necessity  of  an  excess  of  the 
finely  divided  gypsum  and  constant  agitation.  Droez  also  took 
account  of  the  density  of  water  in  his  calculations.  He  assumed 
the  density  of  his  solution  to  be  the  same  as  that  of  water  at  the 
same  temperature,  and  gave  a  table  of  solubilities  from  o°  to  ioo° 
C.  from  a  curve  of  his  and  Marignac's  results.  Both  of  these 
workers  avoided  supersaturation  in  the  sense  that  their  solutions 
were  in  equilibrium  with  the  solid  present.  Still,  from  the 
method  of  these  experiments  and  the  results,  the  solid  must  have 
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been  very  finely  divided,  that  is,  having  some  particles  less  than  2 
microns  in  diameter  since  their  solutions  were  about  5  per  cent, 
more  concentrated  than  normally  saturated  solutions.  The  results 
of  these  two  workers  have  been  accepted  as  the  most  reliable,  so 
they  have  been  calculated  to  millimolecules  per  liter  and  given  in 
Table  II  (preceding  page),  together  with  the  concentrations  of 
normally  saturated  solutions  taken  from  the  curve  of  our  results. 
Kohlrausch  and  Rose1  give  results  of  conductivity  of  solutions 
saturated  at  various  temperatures.  A  comparison  of  these  data 
with  the  conductivitv  of  known  solutions2  shows  that  their  solu- 
tions  were  some  4  per  cent,  too  concentrated.  There  are  a  great 
many  determinations  of  the  solubility  of  gypsum  or  crystallized 
CaS04.2HtO  by  various  workers,  and  even  where  care  was  taken 
to  avoid  supersaturation,  the  results  generally  distinctly  show  the 
influence  of  surface-tension.  There  are  two  exceptions,  Cossa  and 
Church,  who  made  determinations  at  about  200  and  130 ;  their 
results  are  10.5  per  cent,  and  12  per  cent,  respectively  below  the 
normally  saturated  solutions.  We  have  not  been  able  to  consult 
the  original  publications  so  we  cannot  judge  of  the  material  or  the 
method  used.  The  previous  work8  showed  that  in  the  case  of 
gypsum  the  surface-tension  plays  a  decided  r61e  in  the  solubility, 
for  it  was  found  possible  to  increase  the  solubility  (at  250)  20  per 
cent,  by  grinding  the  gypsum  powder  in  an  agate  mortar,  but  the 
system  so  obtained  was  not  in  final  equilibrium,  since  the  smaller 
particles  grew  smaller  and  disappeared  while  the  larger  ones  grew 
in  size.  This  is,  however,  a  slow  process4  with  gypsum  and  does 
not  reach  final  equilibrium  (the  normally  saturated  solution)  in 
five  days,  while  if  the  stirring  is  too  rapid,  the  abrasion  from  the 
soft  gypsum  continually  yields  a  fine  powder,  and  a  normally 
saturated  solution  is  never  attained.  Plates  of  gypsum  rotated 
with  water  in  a  flask,  as  is  ordinarily  done  in  solubility  determina- 
tions, will  easily  yield  a  5  per  cent,  too  great  solubility.  On  the 
other  hand  the  results  here  obtained  show  that  slowly  rotating  a 
liquid  over  the  plates  will  give  a  saturated  solution  in  about  an 
hour's  time.  These  facts  give  a  satisfactory  explanation  of  the 
irregularities  in  the  published  determinations. 

1  Ztsckr.  pkyt.  Ckem.y  la. 

•  /did.,  37,  371. 

•  Ibid.%  37,  J9«. 

«  Loc.  at.,  p.  394. 
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The  solubility  curve  of  gypsum  is  of  special  interest  on  account 
of  the  change  in  the  direction  of  the  curve.  This  fact  was  discov- 
ered by  the  early  workers,  and  from  Marignac's  and  Droez's  re- 
sults the  maximum  solubility  is  given  at  380  C.  while  the  curve  of 
the  results  here  obtained  indicates  400  C.  as  the  temperature  at 
which  there  is  the  greatest  concentration.  From  here  the  concen- 
tration decreases  with  the  temperature  and  at  90 °  is  the  same  as  at 
o°,  while  at  1070  it  has  decreased  some  12  per  cent,  further. 
There  seems  to  be  no  break  in  the  curve  at  400  as  we  had  expected 
to  find,  while  the  vapor-pressure  curve  of  water  compared  to  that 
of  gypsum,  plotted  from  the  interesting  results  of  van't  Hoff  and 
Armstrong,1  show  a  perfectly  uniformly  increasing  difference 
from  o°  to  85°,  where  the  vapor-pressure  of  water  is  some  85  mm. 
greater  than  that  of  gypsum.  At  40 °  the  difference  is  29  mm. 
From  850  on  the  difference  decreases,  and  at  1070  the  lines  cross 
and  the  half  hydrate  appears  (a  saturated  solution  of  gypsum 
must  have  a  vapor-pressure  that  is  only  a  few  hundredths  of  a 
millimeter  less  than  that  of  pure  water).  The  uniformity  of  the 
vapor-pressure  curve  of  gypsum  excludes  the  idea  of  explaining 
the  change  at  400  (from  increasing  to  decreasing  solubility)  by 
assuming  the  appearance  of  a  new  phase.  Thermodynamics  con- 
nects this  change  at  40 °  with  the  change  of  the  sign  of  the  heat  of 
solution.  This  question  has  been  thoroughly  discussed  by  van't 
Hoff*  where  the  case  of  gypsum  is  considered.  It  is  to  be  noted 
that  this  is  a  thermodynamic  relation  and  while  it  is  experimentally 
supported  by  the  observations  of  Berthelot  on  the  heat  of  precipi- 
tation of  CaS04.2H20  above  and  below  400,  we  are  still  in  the  dark 
as  to  why  the  curve  takes  a  downward  curve  at  400. 

In  the  case  of  slightly  soluble  substances  the  effect  of  the  dis- 
solved substance  on  the  solvent  can  be  neglected,  while  in  the  case 
of  more  soluble  substances  the  nearly  saturated  solution  is  a  quite 
different  agent  from  the  pure  solvent,3  so  it  seems  probable  that 
general  relations  will  first  be  found  in  connection  with  less  soluble 
substances  and  the  results  of  this  paper  indicate  that  there  is  need 
of  a  careful  redetermination  of  such  data  with  due  regard  to  the 
influence  of  surface-tension. 

DBFA&TlfKNT  OP  GBXBBAL  CHEMISTRY, 

UinvxBArTY  op  Michigan. 
March,  190a. 

1  Sits.  B*r.  (1900),  p.  559. 

*  Vorlerangen.  p.  31. 

*  Nent«t :  "Theoretiiche  Chemie,"  p.  445- 
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The  work  described  in  this  paper  was  undertaken  with  the 
object  of  investigating  the  behavior  of  some  tertiary  halides 
towards  alcoholic  solutions  of  potassium  thiocyanate.  Up  to  the 
present  time  no  tertiary  alkyl  halide  has  been  found  to  give  an  iso- 
thiocyanate  or  mustard  oil.  This  property  has  only  been  observed 
in  the  case  of  the  primary  allyl  halides  and  the  secondary  diphenyl- 
methyl  bromide.  In  fact  this  subject  has  hitherto  received  little 
attention.  Of  the  three  tertiary  halides  that  have  been  examined 
triphenylmethyl  bromide  and  a-bromisobutyric  ethyl  ester  gave 
normal  thiocyanates  while  tricarbethoxymethane  failed  to  react.1 

The  tertiary  halides  which  we  now  discuss  comprise  all  the 
possible  compounds  formed  by  substituting  the  positive  group 
methyl,  and  the  negative  radicals,  phenyl  and  carbethoxyl, 
— CO.OC2H5,  for  hydrogen  in  methyl  bromide.2  There  are  ten 
combinations  to  be  considered ;  and  among  these,  it  will  be  noticed, 
are  the  above  three  tertiary  forms  that  have  already  been  exam- 
ined: 

I.  BrC(CH§),  VI.  BrCCH,(CO,CfH6)f 

II.  BrC(CHt)|C€Hft  VII.  BrC.CHf.C€Hft.COfCH, 

III.  BrCCH,(CfHft),  VIII.  BrC(CO,C,H4), 

IV.  BrC(CfH5),  IX.  BrCC.H^COAH.), 
V.  BrCCCHO.COAHs  X.  ClC(C€Hft)tC01CfH5 

The  investigation  has  shown  that  six  of  these  compounds  give 
normal  thiocyanates,  while  the  remaining  four  give  neither  normal 
or  isothiocyanates. 

Tertiary  butyl  bromide  (I)   reacted  smoothly  with  alcoholic 

'  Since  the  above  was  written  Crocker  has  found  that  picryl  chloride  gives  an  isothio- 
cyanate.  J*mr%  Chtm.  Soe.  (London),  Si,  436  (190a). 

•  In  one  ease  (VII)  the  methyl  ester  was  used  and  in  another  (X)  the  chloride  in- 
stead of  the  bromide  was  employed ;  experience  has  shown  that  the  bromides  react  more 
readily  than  the  chlorides. 
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potassium  thiocyanate,  and  the  product  was  shown  to  be  a  normal 
thiocyanate  by  combining  it  with  thioacetic  acid,  whereupon  acetyl 
dithioisobutyl  urethane,  CHtCONHCSSC4Hf,  was  obtained 

I'-Bromisopropyl  benzene  (II),  i'-brom-i,i-diphenylethane, 
(III),  I'-bromhydratropicmethyl  ester  (VII),  and  tricarbethoxy- 
methyl  bromide  (VIII)  reacted  readily  with,  or  were  decomposed 
by,  potassium  thiocyanate,  and  a  bright  yellow,  amorphous  precipi- 
tate separated  which  had  the  properties  of  the  so-called  pseudo- 
cyanogen  sulphide.  These  bromides  therefore  act  like  free  bro- 
mine on  potassium  thiocyanate.  The  behavior  of  tricarbethoxy- 
methyl  bromide,  in  reacting  immediately  in  the  cold,  is  in  strong 
contrast  to  that  of  the  chloride,  which  showed  little  tendency  to 
react  even  on  heating  for  a  number  of  hours. 

Triphenylmethyl  bromide  (IV),  as  previously  stated,  gave  a 
normal  thiocyanate.  In  this  case  the  rhodanide  formed  thiol  esters 
with  thioacetic  and  thiobenzoic  acids. 

a-Bromisobutyric  ethyl  ester  (V)  also  gave  a  normal  thio- 
cyanate. This  was  shown  by  boiling  the  product  with  hydro- 
chloric acid,  whereupon  ur-/i-diketo-/ff-dimethyltetrahydrothiazolel 
was  obtained. 

Methylbrommalonic  ester  (VI)  readily  reached  with  potassium 
thiocyanate,  while  ethyl  chlormalonic  ester  remained  unaltered 
even  when  heated  with  potassium  thiocyanate  to  I40°-I45°  for  a 
number  of  hours.  When  the  product,  in  the  case  of  methylbrom- 
malonic ester  was  warmed  with  thioacetic  acid,  a  thick  oil  was 
obtained  which,  on  dissolving  in  alkali  and  precipitating  with 
hydrochloric  acid,  gave  ar-keto-/i  sulpho-/?-methylthiazolidine, 
the  so-called  a-rbodaninpropionic  acid.*  The  structure  of  this  is 
represented  by  formula  XI.  That  the  rhodanide  is  a  normal  thio- 
cyanate is  shown  by  the  fact  that  the  reaction  took  place  as 
follows : 
CH.CONHCSSCCH^CO.C.H,),  +  NaOH  +  H,0  = 

C4HftONS,  +  CH.COONa  +  CO,  +  2C,HsOH. 
CH.CH— S  CfHsCH— S 

II  ,11 

CO    CS  CO    cs 

\  /  \  / 

NH  NH 

XI.  XII. 

<  Am.  Cktm.J.s  94,  ;8  (1900). 

*  Berlinerblav:  Btr.  d.  cfum.  Get.,  19, 125. 
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Bromphenylmalonic  ester  (IX)  reacted  smoothly  with  potassium 
thiocyanate,  and  the  product  with  thioacetic  acid  and  alkali  be- 
haved in  a  similar  manner,  inasmuch  as  a-keto-/i-sulpho-/ff- 
phenylthiazolidine  (XII)  was  obtained. 

Diphenylchlorethyl  acetate  (X)  gave  the  first  and  only 
rhodanide  that  has  failed  to  react  with  thio  acids.  It  reacted, 
however,  with  aniline,  yielding  triphenylpseudothiohydantoin 
(XIII).  On  warming  the  latter  with  alcoholic  hydrochloric  acid, 
<r-/<-diketo-/?-diphenyl  tetrahydrothiazole  was  obtained  ^XIV). 

(C6H5),C-S  (CeH5),C-S 

1       I  I         I 

CO  C  =  NCttH,        —  CO    CO 

V        '    '  \/ 

NH  NH 

XIII.  XIV. 

The  behavior  of  this  hydantoin  with  hydrochloric  acid  differs 
from  that  of  the  pseudothiohydantoin  from  phenylthiocyan- 
ethyl  acetate,1  inasmuch  as  the  latter,  under  certain  conditions, 
gives  up  ammonia  and  not  aniline  on  boiling  with  hydrochloric 
acid ;  generally,  however,  a  mixture  is  obtained.  The  behavior  of 
phenylpseudothiohydantoln  with  hydrochloric  acid  has  been  sup- 
posed to  show  that  the  compound  has  the  structure  represented  by 
formula  XVII. 

We  have  found  that  this  long-known  phenylpseudothiohydan- 
toln which,  according  to  Meyer,2  Liebermann,8  and  Dixon,4  gives 

i 

ay  /i-diketo-N-phenyltetrahydrothioazole  ( f  'phenylsenfoelglyco- 
lidM),  formula  XXI,  with  hydrochloric  acid,  also  gives  «,/*- 
diketotetrahydrothiazole  (XX).  It  follows  from  this  that  the 
reaction  with  hvdrochloric  acid  can  not  be'usfed  to  decide  the  struc- 
ture  of  these  thiohydantoins.  Both  of  the  theoretically  possible 
isomeric  phenylpseudothiohydantoins,  (XVII)  and  (XVIII),  for 
example,  can  give  phenylthiohydantoic  acid  (XIX),  and  this  can 
be  decomposed  into  the  two  tetrahydrothiazoles  that  are  actually 
obtained : 

1  Am.  Chtm.J^  26,  353  (1901). 

*  Ber.  d.chem.  Ges.t  14,  1661  (1881). 

•  Ann.  Chem.  (Uebig),  307,  I29  (i38i). 
*/.  Cheni.  Soc.  (London),  71,  620  (1S97). 
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CH,— S  CHL- 

II  II 

CO      C  =  NH  CO     C  =  NCaH. 

\/  \  /\/ 

NC,H6  >        •         NH 

XVII.  XVIII. 

HOCOCH,SC(NH)NHC,H5 

XIX. 

CH,— S  /      \    CH,— S 

II  '  Ml 

CO      CO  CO     GO 

\/  \  / 

NH  NC,H5 

XX.  XXI. 

Dixon  found  that  the  hydantoin  in  question*  gave  <r-keto-/<-sul- 

photetrahydrothiazole("^hodanininsau^e,,),  formula,  XXII  below, 
when  heated  with  carbon  disulphide,  and  he  therefore  assigned  to 
the  compound  the  structure  represented  above  by  formula  XVIII. 
This  is  undoubtedly  correct  since  by  the  action  of  benzyl  chloride 
and  alkali,  a  benzyl  derivative  is  obtained  from  this  hydantoin, 
which  is  identical  with  that  from  benzylphenylthiourea, 
CeH5(C,H8CH2)NCSNH2,  ethylchloracetate  and  alkali.  This 
benzyl  derivative  must  have  the  structure  represented  by  formula 
XXIII : 

CHt  — S  CH,—  S 

•I  •  I  CH 

CO      CS  CO       C— N<^J?*rw 

NH  N 

XXII.  XXIII. 

EXPERIMENTAL  PART. 

I. — Tertiary  Butyl  Bromide  {CH^)»CBr,  and  Potassium  Thio- 
cyanate. — The  bromide  was  made  by  the  union  of  isobutylene  and 
hydrogen  bromide.  The  purified  material  reacted  immediately 
when  warmed  with  an  alcoholic  solution  of  potassium  thiocyanate, 
and  potassium  bromide  separated.  The  product  was  an  oil  which 
possessed  a  strong,  pungent  odor.  It  could  not  be  distilled  under 
reduced  pressure  without  decomposition  and  therefore,  for 
analysis,  it  was  simply  washed  and  dried  in  a  desiccator  over  sul- 
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phuric  acid.    A  nitrogen  determination  then  gave : 

Calculated  for 

C*H«NS.  Found. 

Nitrogen*  12.17  12.48 

Tertiary  Butyl  Rhodanide  and  Thioacetic  Acid. — Eight  grams 
of  the  rhodanide  and  6  grams  of  thioacetic  acid  were  heated  on 
the  water-bath  in  benzene  for  eight  hours.  On  cooling,  a  white 
flocculent  precipitate  separated.  This  crystallized  from  benzene 
in  scales  or  plates,  and  did  not  melt  at  2600.  It  was  extremely 
soluble  in  alcohol,  contained  nitrogen  but  no  sulphur,  and  was 
soluble  in  a  solution  of  sodium  hydroxide.  A  sufficient  amount  of 
this  was  not  obtained  for  identification.  Two  determinations 
gave  10.88  and  11. 01  per  cent,  nitrogen.  The  oil  that  remained, 
after  evaporating  {he  benzene,  solidified  on  cooling ;  it  was  dis- 
solved in  dilute  sodium  hydroxide  and  the  solution  shaken  with 
ether.  From  the  alkaline  solution  acetic  acid  precipitated  a  bright 
yellow  body  which,  on  crystallizing  from  petroleum  ether,  melted 
at  H2°-ii3°.  Its  solubility  in  sodium  hydroxide,  its  yellow  color 
and  the  following  nitrogen  determination  show  that  this  material 
is  tertiary  butylacetyldithiocarbamate,  CH3CONHCS.SC(CHa),. 

Calculated  for 
C7H1sONSs.  Found. 

Nitrogen 7.33  7.32 

II. — I'-Bromiso propyl  Benzene,  CcH^CBr(CHz)2t  and  Potas- 
sium Thiocyanate. — Isopropyl  benzene  was  prepared  from  normal 
propyl  chloride  and  benzene  by  means  of  the  Friedel-Crafts  re- 
action. The  material  used  boiled  at  I52°-I54°  at  ordinary  pres- 
sure. Eight  grams  of  the  hydrocarbon  were  brominated  at  1150- 
1200  with  the  calculated  quantity  of  bromine.  The  product  was 
washed  thoroughly  with  a  solution  of  sodium  carbonate,  extracted 
with  ether,  and  dried  in  a  vacuum.  It  was  impossible  to  purify 
this  new  bromide  by  distilling  under  diminished  pressure  since  an 
attempt  at  16  mm.  resulted  in  rapid  decomposition  taking  place  at 
about  1 350,  with  evolution  of  hydrogen  bromide.  A  bromine 
determination  agreed  with  the  calculated,  probably  as  closely  as 
could  be  expected. 

Calculated  for 

C»HuBr.  Found. 

Bromine 40.20  38.10 

This  bromide  immediately  reacted  with  potassium  thiocyanate 
in  warm  alcohol,  and  a  fine  yellow  powder  separated.    The  latter 
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possessed  all  the  properties  of  pseudocyanogen  sulphide.  The 
material  remaining  in  the  alcoholic  solution  proved  to  be  an  oil 
but  not  enough  of  this  was  obtained  to  establish  any  definite  boil* 
ing-point. 

III.— f,f-Diphenyl-i'-Bromethane,  (CtH^)tCBrCHtf  and 
Potassium  Thiocyanate.— rDiphenylethane  was  prepared  from 
cthylidine  chloride  (from  paraldehyde  and  phosphorus  penta- 
chloride)  and  benzene  by  means  of  the  Friedel  and  Crafts  reaction. 
It  was  found  that  this  hydrocarbon  could  not  be  brominated  in  the 
usual  manner  for  the  preparation  of  other  halogen  derivatives  of 
benzene  in  the  side-chain,  owing  to  the  ease  with  which  the  bro- 
mide loses  hydrogen  bromide.  After  several  unsuccessful  attempts 
it  was  found  that  a  product  consisting  essentially  of  the  desired 
bromide  could  be  prepared  by  brominating  the  hydrocarbon  at 
ioo°-io5°.  The  product,  washed  with  sodium  carbonate  and 
water  and  dried  in  a  vacuum  desiccator,  gave  the  following  result 
on  analysis: 

Calculated  for 

CuHitBr.  Found. 

Bromine 30.6  24.37 

When  a  product  thus  prepared  was  distilled  at  10  mm.  pressure, 
it  rapidly  decomposed  with  evolution  of  hydrogen  bromide.  On 
continuing  the  distillation,  it  practically  all  boiled  at  I55°-i65°. 
Diphenylethylene  boils  at  1620  at  15  mm.  pressure,  according  to 
Anschutz.1  The  crude  bromide  reacted  at  once  with  potassium 
thiocyanate  in  alcohol,  pseudocyanogen  sulphide  separated,  and  an 
oil  was  obtained  that  boiled  at  150°- 162 °  at  11  mm.  pressure. 
(Diphenylethylene  ?) 

IV. — The  Action  of  Triphenylmethyl  Bromide  on  Potassium 
Thiocyanate,  which  resulted  in  the  formation  of  a  normal  thio- 
cyanate, was  described  in  our  second  paper.1 

V. — Ethyl-  a  -Bromisobutyric  Ester  Gave  Ethylnormalthiocyan- 
isobutyrate,9  as  shown  in  this  laboratory  by  Mr.  Le  B.  Gray.  The 
thiocyanate  reacts  normally  with  thiobenzoic  acid,  and  benzoyldi- 
thioethyLa-isobutyrote  carbonate, 

CeH5CONHCS.SC(CH,)aC02C2H5, 

is  formed.    This  separates  from  a  mixture  of  benzene  and  petro- 

1  Ann.  Ckem.  (I4ebig ),  s*f,  159. 
*  Lie.  tit. 
»  Loc.  ciL 
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leum  ether  in  the  form  of  yellow  prisms,  which  melt  at  U3°-ii4*. 
It  is  extremely  soluble  in  alcohol. 

Calculated  for 
CuHirOsNSa.  Found. 

Nitrogen 4.50  4.37 

VI. — Brommethylmalonic  Ethyl  Ester,  CHzCBr(C02CtHi)t, 
and  PotassiumThiocyanate. — Methylmalonic  efcter  wasbrominated 
at  650 ;  the  product  practically  all  boiled  at  Ii2°-ii8°  at  14  mm. 
pressure.  A  bromine  determination  in  a  portion  of  this  boiling  at 
1 1 4°  gave  31.6  per  cent,  while  the  calculated  is  31.62  per  cent,  bro- 
mine. 

When  this  bromide  was  mixed  in  alcohol  with  potassium  thio- 
cyanate  it  immediately  began  to  react.  The  mixture  was  warmed 
for  about  a  half  hour,  on  the  steam-bath,  and  then  water  precipi- 
tated an  oil  possessing  a  strong  penetrating  odor.  It  all  boiled  at 
I39°-I42°  at  9  mm.  pressure;  a  portion  boiling  at  140°  was 
analyzed  with  the  following  result : 

Calculated  for 
C0K15O4NS.  Pound. 

Nitrogen 6.06  6.15 

Five  grams  of  this  rhodanide,  2  grams  of  thioacetic  acid  and  10 
cc.  of  benzene  were  heated  on  the  water-bath  for  twelve  hours. 
After  evaporating  the  benzene,  an  oil  was  obtained  which  would 
not  solidify  in  a  freezing-mixture.  The  oil  dissolved  in  a  dilute 
solution  of  sodium  hydroxide  and  was  not  precipitated 
with  carbon  dioxide;  dilute  acetic  acid,  on  the  other 
hand,  precipitated  a  yellow  solid  which  was  purified  by  crystal- 
lizing from  alcohol  and  benzene.  It  then  formed  plates  which 
melted  at  1240  and  showed  no  effervescence  when  heated  to 
1750.  Nitrogen  determinations  agreed  with  the  calculated  for 
a-ktto-pi-sulpho-fl-methylthiazolidine: 

Calculated  for  Pound. 

CiHjONSj.  I.  II. 

Nitrogen    9.52  9.28  9.58 

In  fact  this  compound  is  identical  with  the  so-called 
"a-rhodaninpropionsaure''  of  Berlinerblau1  which  was  obtained 
from  chlorpropionic  acid  and  ammonium  thiocyanate.  Berliner- 
blau gives  the  melting-point  at  1230. 

VII.— a-Bromhydratropicmethyl  Ester ,CH£ Br (  Ce/75 )  COtCHu 
and  Potassium  Thiocyanate. — Although  the  preparation  of  hydra- 

1  Bet.  d.  chem.  Ges.%  10, 125. 
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tropicmethyl  ester,  by  the  method  which  we  adopted,  includes  ten 
stages,  nevertheless  the  brom-derivative  can  be  more  easily  ob- 
tained, in  quantity,  by  the  following  procedure  than  by  the  method 
which  involves  the  preparation  of  atrolactinic  acid.  On  the  other 
hand,  a  purer  product  is  undoubtedly  obtained  by  the  action  of 
hydrogen  bromide  on  atrolactinic  acid.1 

Starting  with  benzyl  chloride  we  prepared  the  cyanide,  phenyl- 
acetic  acid,  the  ethyl  ester,  and  from  the  latter  phenyloxalacetic- 
ethyl  ester1  which  gave  phenylmalonic  ester.  Eighty  grams  of 
this  were  prepared  boiling  at  i59.5°-i6o°  at  12  mm.  pressure. 
This  was  methylated8  and  60  grams  of  phenylmethylmalonic 
ester  resulted,  which  boiled  at  12  mm.  pressure  at  precisely 
the  same  point  as  the  unaltered  material.  On  saponifying 
this,  21  grams  of  methylphenylmalonic  acid  were  obtained,  melt- 
ing at  I55°-I56°.  When  this  was  heated  and  the  resulting  hydra- 
tropic  acid  was  esterified,  13  grams  of  methyl  ester  were  obtained, 
which  boiled  at  2i8°-22i°  at  ordinary  pressure  Neure*  gives  the 
boiling-point  of  this  ester  at  221  °.  The  bromination  of  this  was 
conducted  in  an  oil-bath  at  1500.  The  dark-colored  product  was 
washed  with  water  and  sodium  carbonate  and  an  attempt  was 
made  to  purify  a  portion  by  distilling  under  diminished  pressure, 
whereupon  it  was  found  that  the  oil  underwent  decomposition, 
giving  off  hydrogen  bromide.  The  washed  product  was  therefore 
warmed  directly  with  an  alcoholic  solution  of  potassium  thiocy- 
anate  (through  an  oversight  no  portion  of  the  oil  was  reserved  for 
analysis).  The  products  of  the  reaction  consisted  of  pseudo- 
cyanogen  sulphide  and  an  oil.  The  latter,  since'  it  was  not  a 
rhodanide,  was  not  examined. 

VIII. — Tricarbethoxymethyl  Bromide,  C.Br^O^C^H^)^  and 
Potassium  Thiocyanate. — Tricarbethoxymethane  was  easily  bromi- 
nated  on  the  water-bath  and  the  product  boiled,  for  the  most  part, 
at  i62°-i63°  at  16  mm.  pressure.  The  colorless  oil  thus  obtained 
was  analyzed  with  the  following  result. 

Calculated  for 
C]oHuO»Br.  Found. 

Bromine  . . ." 25.7  25.5 

When  this  bromide  was  warmed  in  alcohol  with  potassium  thio- 

1  Ftttigand  Kut:  Attn.  Out*,  fciebig),  *o6,  a8  (1881). 
9  Wiaticenus:  Ber.  d.  cJUm.  Ges.%  97,  1093. 

*  Wiatfcemu  and  Goldstein:  Ibid.,  *8,  815. 

*  Ann.  Chem.  (Lfebig),  35 o,  152. 
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cyanate,  it  reacted  at  once  and  pseudocyanogen  sulphide  separated. 
On  adding  water  to  the  alcoholic  solution  an  oil  was  obtained. 
This  was  distilled  at  10  mm.  pressure  and  although  there  was  no 
apparent  decompositon,  during  the  distillation,  it  started  to  boil  at 
about  141  °  and  continued  up  to  1770.  The  bromide  therefore 
reacts  with  potassium  thiocyanate  with  decomposition. 

IX. — Phenylbrommalonicethyl  Ester,  C9H5C.Br ( C0JC2H^ )  „ 
and  Potassium  Thiocyanate. — This  bromide  was  obtained  by 
bromiriating  phenylmalonicethyl  ester  at  i40°-i5O°.  It  formed  a 
colorless  oil  which  was  found  to  boil  at  1920  at  20  mm.  pressure 
and,  from  another  preparation,  at  i77°-i8i°  at  11  mm.  pressure. 
A  bromine  determination  in  the  first  case  gave : 

Calculated  for 
ClxHi904Br.  Pound. 

Bromine 25.38  24.98 

When  this  bromide  was  treated  with  potassium  thiocyanate  an 
oil  was  obtained  which  could  not  be  purified  by  distilling  under 
diminished  pressure.  At  20  mm.  rapid  decomposition  took  place 
at  about  200 °.  The  oil,  after  washing  with  water  and  drying,  was 
analyzed  with  the  following  result : 

Calculated  for 
CHHu04NS.  Pound. 

Nitrogen 4.77  5.37 

The  nitrogen  determination  agrees,  perhaps  as  well  as  could  be 
expected,  for  a  non-rectified  oil,  with  the  calculated  for  thiocyan- 
phenylmalonicethyl  ester,  CeH^CCSCNXCO.CjH,),. 

Ten  grams  of  this  rhodanide  and  3  grams  of  thioacetic  acid 
were  heated  in  benzene  for  twenty-four  hours,  whereupon,  on 
evaporating  the  benzene,  an  oil  was  obtained  which  refused  to 
solidify.  It  was  dissolved  in  cold  dilute  sodium  hydrate  and,  after 
standing,  was  precipitated  with  dilute  hydrochloric  acid.  This 
treatment  gave  a  yellow  solid,  which,  on  crystallizing  from  alco- 
hol, formed  yellow  prisms  and  melted  at  I78°-I79°  without 
effervescence.  A  nitrogen  determination  agreed  with  the  calcu- 
lated for  a-keto-p-mlpho-fl-phcnylthiaaolidine: 

Calculated  for 
C»HTONS|.  Pound. 

Nitrogen 6.69  6.51 

Thiocyanmethylmalonic  ester  and  thiocyanphenylmalonic  ester 
therefore  behave  in  an  analogous  manner  with  thioacetic  acid  and 
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alkali.    The  reaction  proves  that  these  rhodanides  are  normal 
thiocyanates. 

X.—Diphenylchhraceticethyl  Ester,  (C9H5)2C.Cl.C02CtHi, 
and  Potassium  Thiocyanate. — The  chlorester  was  made  by  treat- 
ing benzilic  acid  with  phosphorus  pentachloride  and  then  pouring 
the  acid  chloride  into  cold  alcohol.1 

When  this  chloride  was  warmed  in  alcoholic  solution  with 
potassium  thiocyanate  for  about  five  hours  the  reaction  was  com- 
plete. On  evaporating,  an  oil  was  obtained  which  had  a  most 
remarkable  behavior  on  heating.  On  attempting  to  distil  under 
reduced  pressure  no  signs  of  decomposition  could  be  observed, 
but  no  matter  at  what  rate  the  distillation  was  conducted  it  frothed 
over 'in  one  continuous  stream,  and  no  fractionation  could  be 
accomplished.  A  nitrogen  determination  was  therefore  made  in 
a  sample  of  crude  product  that  was  washed  and  dried  over  sul- 
phuric acid. 

Calculated  for 
CitHiiO|N8.  Found. 

Nitrogen 4.7  4.2 

This  rhodanide  is  distinguished  from  all  others  that  have  been 
examined  by  the  fact  that  it  does  not  react  with  thioacetic  or  thio- 
benzoic  acids,  on  warming  in  benzene  for  the  usual  length  of  time 
(two  to  twenty- four  hours). 

The  oil,  recovered  from  the  treatment  with  thiobenzoic  acid, 
was  heated  with  aniline  on  the  steam-bath  for  from  five  to  six 
hours.  On  washing  the  product  with  dil  te  hydrochloric  acid  and 
crystallizing  from  alcohol,  colorless  prisms  were  obtained  which 
melted  at  2500.  This,  on  analysis,  gave  the  following  result 
which  agrees  with  the  calculated  for  triphenylpseudothiohydan- 
toin. 

Calculated  for 
CsiHwOKtS.  Found. 

Nitrogen 8.13  8.14 

When  this  substance  was  dissolved  in  alcohol  and  warmed  for  a 
short  time  with  concentrated  hydrochloric  acid,  a  product  was  ob- 
tained which  crystallized  from  dilute  alcohol  in  colorless  prisms 
and  melted  at  I44°-I45°.  An  examination  of  the  acid  solution 
showed  that  aniline  had  been  removed  by  this  treatment  and  the 

1  Bickel :  Ber.  d.  ckem.  G*s.,  aa,  1537. 
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crystalline  material  gave  results  agreeing  with  the  calculated  for 
a-p-diketo-p-diphenylUtrahydrotkiazoU: 

Calculated  for 
CuHnOjNi.  Fovnd. 

Nitrogen 5.20  5.24 

In  our  second  paper  on  thiocyanates  it  was  shown  that  ethyl 
phenylthiocyanacetate  reacts  with  aniline,  giving  a  compound  that 
was  considered  to  be  diphenylpseudothiohydantoin.  We  now 
find  that  ethylphenylchloracetate  and  phenylthiourea  give  the  same 
compounds.  This  proves  that  these  compounds  are  pseudothio- 
hydantoins.  On  boiling  the  compound  from  phenylthiourea  with 
30  per  cent,  hydrochloric  acid  a  compound  was  obtained  that 
crystallized  from  alcohol  in  needles  and  melted  at  I73°-I74°.  A 
nitrogen  determination  agreed  with  the  calculated  for  a-pudiketo- 
fl-phenyl-Yl-phenyltetrahydrothioazole: 

Calculated  for 
Ci»HnO,N8.  Found. 

Nitrogen 5.20  5.44 

Benzylphenylpseudothiohydantoin. — This  was  obtained  by 
warming  5.5  grams  of  phenylpseudothiohydantoin,  6.5  grams  of 
sodium  dissolved  in  55  cc.  of  alcohol  and  20  cc.  of  water,  and  3.6 
grams  of  benzyl  chloride,  until  the  mixture  no  longer  gave  an  alka- 
line reaction.  When  the  alcohol  was  evaporated,  the  residue 
taken  up  in  ether  and  shaken  with  alkali,  and  the  product  crystal- 
lized from  alcohol,  beautiful,  colorless,  transparent,  square  tables 
were  obtained  which  melted  at  I24°-I25°. 

The  same  compound  was  obtained  by  warming  4  grams  of  un- 
symmetrical  benzylphenylthiourea  and  3  grams  of  ethyl  chlor- 
acetate,  in  alcoholic  solution,  for  a  number  of  hours.  The  alcohol 
was  then  evaporated  and  the  residue  treated  with  alkali.  On 
crystallizing  from  alcohol,  square  tables  melting  at  I24°-I25°  re- 
sulted and  when  mixed  with  the  above  preparation  the  melting- 
point  was  not  altered. 

Dixon  prepared  this  benzylphenylpseudothiohydantoin,  by  a 
different  method.    He  states  that  it  melts  at  Ii8°-ii9°  (corr.). 

Nbw  Havew,  Conn., 

April  8,  1909. 


NOTES. 

Notes  upon  the  Constants  of  Some  Little  Known  Oils. — 

Specific  gravity  at  220. 

Oil  of  nigella 0.9093 

Oil  of  boldo  leaves 0.9189 

Oil  of  matico 1. 1205 

Oil  of  cascarilla 0.91  r6 

Oil  of  milfoil 0.9217 

Oil  of  wildmint 0.9942  at  200. 

Refractive  index  at  240  (sodium  flame). 

Oil  of  nigella 1.494 

Oil  of  boldo  leaves 1.471 

Oil  of  matico 1.5 13 

Oil  of  cascarilla 1*485 

Oil  of  galanga 1-472 

Oil  of  wildmint 1.487 

Oil  of  milfoil 1.486 

Taken  with  a  Bertrand  refractometer. 

Solubility  of  the  Oils  in  80  Per  Cent  Alcohol  at  220. 

Oil  of  nigella  not  perfectly  clear  in  23  parts  of  alcohol  by 
volume. 

Oil  of  boldo  leaves  soluble  in  1  or  6ven  less  volumes. 

Oil  of  matico  soluble  in  3J4  to  4  parts  by  volume. 

Oil  of  cascarilla,  solution  not  perfect  in  20  volumes. 

Oil  of  wildmint  soluble  in  about  i}4  volumes. 

The  oil  of  wildmint  rotates  the  plane  of  polarized  light  to  the 
right  12.590  at  21.70. 

The  quantity  of  these  oils  was  very  slight  so  that  no  chemical 
examination  could  be  made.  Thev  were  distilled  by  Schimmel  & 
Co.,  and  obtained  from  Fritsche  Brothers,  their  representatives  in 
the  United  States. 

A.  B.  Aubert. 

University  op  Maine, 
Orono.  Maine. 
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Water  Supply  (Considered  principally  from  a  sanitary  standpoint).    By 
Willi  am  P.  Mason.    Third  edition.     Rewritten.    448  pp.    New  York: 
John  Wiley  &  Sons.    Cloth.     Price,  (4.00. 
The  first  edition  of  this  extremely  useful  book  appeared  in  1896 

and  was  noticed  at  length  in  this  Journal.    The  chapters  relating 
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to  methods  of  chemical  and  bacterial  examination  of  water  which 
were  a  part  of  the  earlier  edition  are  now  omitted,  as  they  have 
since  been  expanded  and  published  as  a  separate  work.  Much 
new  matter  has  been  added,  however,  to  this  third  edition,  and  all 
important  recent  discussions  seem  to  have  received  attention.  At 
the  present  time  few  topics  are  of  greater  public  interest  than  are 
those  connected  with  questions  of  water  purification  on  the  large 
scale.  The  chapter  dealing  with  this  subject  is  full  of  timely 
information  and  is  quite  sufficient  to  give  the  general  scientific 
reader  a  good  idea  of  various  practical  methods  and  appliances. 

J.  H.  Long. 

Notes  on  Lbad  Orbs.  By  Jambs  Fairib,  F.G.S.  London:  Scott,  Green- 
wood &  Co.    62  pp.    i6mo.    Price,  f  r.oo. 

The  book  consists  of  a  collection  of  information  concerning  all 
the  lead  minerals,  including  occurrence,  hardness,  specific  gravity, 
blowpipe  tests,  and  composition— just  what  is  to  be  found  in  any 
standard  work  on  mineralogy.    It  is  well  printed  in  large  type. 

E.  H.  M. 

Gas  and  Fubx.  Analysis  for  Bnginbbrs.  A  compend  for  those  inter- 
ested in  the  economical  applications  of  fuel.  By  Augustus  H.  Giix, 
S.B.,  Ph.D.  Third  edition.  New  York  :  John  Wiley  &  Sons.  1902. 
iv  + 104  pp.    Price,  $1.25. 

According  to  the  preface  the  substance  of  this  book  was  given 
in  the  form  of  lectures  to  students  in  the  courses  of  chemical, 
mechanical  and  electrical  engineering  at  the  Massachusetts  Insti- 
tute of  Technology,  Boston. 

The  author  discusses  in  an  exceedingly  brief  and  yet  clear  and 
satisfactory  manner  the  common  forms  of  apparatus  for  technical 
gas  analysis,  their  manipulation  and  uses.  The  methods  of  taking 
gas  samples,  their  analysis,  the  measurement  of  the  temperature  of 
chimney  gases,  the  preparation  of  reagents,  the  arrangement  of  the 
gas  laboratory,  and  the  calorimetric  determination  of  fuel  values  are 
treated  in  separate  chapters.  Useful  calculations  in  relation  to 
the  combustion  of  fuels  together  with  some  valuable  tables  add  to 
the  merits  of  the  book.  The  illustrations  serve  fully  for  the  eluci- 
dation of  the  text.  The  treatment  of  the  subject  is  excellent  and 
the  book  can  be  recommended  as  a  useful  aid  to  students  of  gas 
analysis.  F.  C.  P. 


NEW  BOOKS.  693 

Tbs  American  Yearbook  of  Medicine  and  Surgery  for  1903.  Vol. 
I,  Gbnbrai,  Medicine.  Philadelphia:  W.  B.  Saunders  &  Co.  1903. 
700  pp.    Cloth,  $5.00  net.    Half  morocco,  $3.75  net. 

This  excellent  work,  which  has  been  issued  for  a  number  of 
years,  is  under  the  editorial  charge  of  George  M.  Gould,  M.D., 
and  presents  brief  summaries  of  the  most  important  contributions 
to  medical  literature  made  during  the  preceding  year.  While 
naturally  intended  for  practitioners  of  medicine  the  book  will  be 
found  valuable  and  interesting  by  those  chemists  who  desire  to 
keep  in  view  the  advances  in  a  field  closely  related  to  their  own  in 
many  points.  .The  fundamental  importance  of  chemistry  in  medi- 
cine is  becoming  more  clearly  recognized  from  year  to  year,  and 
this  is  well  shown  by  a  perusal  of  the  pages  of  the  Yearbook. 

J.  H.  Long. 

Indicators  and  Test-Papers  :  Their  Source,  Preparation,  Application, 
and  Teats  for  Sensitiveness.  A  Resume*  of  the  Current  Pacts  Regarding 
the  Action  and  Application  of  Indicators  and  Test-Papers  Which  Have 
Been  Proposed  from  Time  to  Time,  and  are  in  Present  Use  in  Chemical 
Manipulation,  with  a  Tabular  Summary  of  the  Application  of  Indicators, 
Designed  for  the  Use  of  Chemists,  Pharmacists,  and  Students.  By  Alfred 
I.  Cohn,  Ph.G.  Second  Edition,  Revised  and  Enlarged.  First  thousand, 
New  York  :  John  Wiley  &  Sons ;  London  :  Chapman  &  Hall,  Limited, 
1902.    pp.  ix  +  367.    Price,  $2.00. 

The  first  edition  of  this  work  which  was  reviewed  in  this  Jour- 
nal, 1899,  P* 1 1 76,  now  appears  with  an  appendix  containing  the  de- 
scription of  ten  additional  indicators  in  the  style  of  the  previous 
work.  The  book  is  a  useful  addition  to  the  practical  chemist's 
list  of  dictionaries.  References  to  original  articles  are  unfortu- 
nately not  given. 

The  present  writer  agrees  perfectly  with  the  former  reviewer  in 
believing  that  Mohr's  unsupported  assumption  of  the  cause  of 
color  had  better  have  been  omitted,  and  that  the  isolated  discussion 
of  the  theory  of  indicators  could  well  have  been  improved  in  the 
new  edition.  W.  R.  WhitnKY. 

A  Text-Book  of  Inorganic  Chemistry.  Bv  Dr.  A.  P.  Houseman, 
rendered  into  English  by  Hermon  C.  Cooper,  Ph.D.  John  Wiley  & 
Sons.    1902.    viH  -f  458  pp.    Price,  $2.50. 

The  difficult  task  of  incorporating  the  ideas  of  the  newer  physi- 
cal chemistry  with  the  general  descriptive  matter  necessary  in  a 
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text  intended  to  introduce  the  student  to  chemical  studies  has  been 
undertaken  by  the  author  of  this  work  with  boldness  and  discre- 
tion. The  theory  is  not  separated  from  the  facts  to  which  it  be- 
longs, but  it  is  in  every  instance  treated  as  an  intimate  part  of 
them. 

The  concept  of  atoms  and  molecules  is  developed  at  an  early 
stage,  after  a  brief  treatment  of  the  properties  and  composition  of 
water.  The  kinetic  theory,  dissociation,  law  of  mass  action, 
methods  of  determining  molecular  weights  and  several  related 
topics  are  discussed,  hand  in  hand  with  the  description  of  the 
elements  of  the  halogen  group,  and  are  treated  with  admirable 
precision  and  clearness.  The  question  forces  itself,  however,  upon 
the  reader,  whether  it  is  wise  to  compress  so  large  a  part  of  the 
theory  into  the  first  eighty  pages. 

The  presentation  of  the  principles  of  thermochemistry  is  very 
satisfactory  and  that  of  the  periodic  system  is  adequate,  the 
customary  atomic  volume  curve  being  reproduced  according  to 
recent  data. 

A  good  deal  of  space  is  devoted  to  technological  processes,  eight 
pages  being  given,  for  example,  to  the  manufacture  of  sulphuric 
acid.  The  few  words  relating  to  spectrum  analysis  could  scarcely 
be  improved  upon. 

The  book  as  a  whole  ha^  a  marked  air  of  scholarly  distinction, 
for  which  part  of  the  credit  belongs  to  the  translator.  Very  few 
passages  bear  any  of  the  ear-marks  of  translation  which  too  often 
disfigure  American  editions  of  foreign  scientific  books.  While 
the  descriptive  matter  is  subordinated  to  the  consideration  of 
principles,  it  does  not  seem  to  the  reviewer  that  the  author  has 
gone  too  far  in  this  direction.  It  would  not  be  impossible  for 
some  college  classes  to  cover  the  entire  ground  of  the  text  in  a 
year's  work.  Launcelot  W.  Andrews. 

A  Bibliography  op  the  Analytical  Chemistry  op  Manganese,  178*- 
1900.  By  Henry  P.  Talbot  and  John  W.  Brown.  City  of  Washington : 
Pnbliahed  by  the  Smithsonian  Institution.    1902.    pp.  viii 4-124. 

This  is  the  fourteenth  of  the  bibliographies  pertaining  to 
chemical  subjects  published  by  the  Smithsonian  Institution  on 
recommendation  of  a  Committee  of  the  American  Association  for 
the  Advancement  of  Science  of  which  Dr.  H.  C.  Bolton  is  Chair- 


NEW  BOOKS.  695 

man.  For  the  portion  1785  to  1830  the  present  Bibliography  is 
based  largely  on  "An  Index  to  the  Literature  of  Manganese,  1596- 
1874,"  published  by  Dr.  Bolton  in  1875.  The  present  work  is, 
however,  confined  to  the  analytical  part  of  the  subject  and  is, 
apparently,  very  complete  for  that  field.  W.  A.  N. 

JAHRBUCH  DBS  VBRBINS  DBS  SpI&ITUS-FaBRIKANTBN  IN  DBUTSCHXAND, 

dbs  Vmrxxss  deb  StXrkb-Intbrbssbnten  in  Dbutschi^nd  und  dbr 
Brbnnbrbi-BBRufsgsnossbnschaft.  Zweiter  Jahrgang,  1902.  8vo. 
xvi  -)-  471  pp.    Berlin  :  Paul  Party.     1902. 

This  second  volume  of  the  Jahrbuch  is  edited  by  Dr.  Delbruck 
and  its  high  value  to  the  fermentation  and  cereal  products  indus- 
tries is  thereby  assured.  And  this  volume  certainly  establishes 
the  success  of  the  undertaking  to  publish  it. 

The  editor  states  in  the  preface  that  "the  compass  of  the  work 
has  considerably  extended  this  year,  not  because  of  prolixity  on 
the  part  of  reporters  but  because  of  the  enormous  increase  in 
material  to  be  treated,  and  in  his  oral  report  to  the  societies  in 
their  general  meeting  he  says  "the  object  of  the  yearbook  is  that 
the  members  may  have  the  work  of  the  year  not  in  the  detached 
parts  of  our  Journal  (Zeitschrift  fur  Spiritus-Industrie)  but  in  a 
complete  volume  at  the  close  of  the  year.  *  *  *  *  In  con- 
nection with  the  Kalendar  we  publish,  this  presents  a  complete 
compendium  of  the  developments  of  each  new  year." 

Dr.  Delbruck  has  not  exaggerated.  It  is  almost  a  handbook  as 
well  as  a  yearbook,  for  nearly  every  operation  in  the  fermentation, 
starch  and  starch  derivatives  industries  is  discussed  with  some 
suggestion  for  improvement.  From  the  culture  of  the  potato  and 
barley,  the  production  of  malt  and  yeast,  the  control  of  the  fer- 
mentation and  distillation  processes,  to  the  separation  and  utiliza- 
tion of  the  finished  products  and  wastes,  each  step  has  had  the 
attention  of  specialists  appointed  to  study  them  and  the  report  in 
each  case  is  full  of  valuable  information.  In  addition  to  the  re- 
ports from  the  different  sections  into  which  the  works  of  the 
societies  is  divided,  we  are  offered  most  interesting  stenographic 
reports  of  the  general  meetings.  It  would  be  impossible  to 
recapitulate  here  what  is  set  forth  in  the  book.  It  is  enough  to 
say  that  it  is  filled  from  cover  to  cover  with  facts  of  the  highest 
scientific  and  practical  value. 


696  NEW  BOOKS. 

Dr.  Delbruck  intimates  that  the  most  important  development  is 
that  "our  investigations  have  given  a  new  interpretation  to  the 
views  developed  by  Buchner,  that  in  the  life  of  yeast  we  must 
differentiate  protoplasm — the  seat  of  life — and  enzyme — the  work- 
ing constituent  (Arbeitstoffe) — of  the  organism.  Their  prosecu- 
tion has  now  developed  facts  which  will  be  of  importance  to  the 
fermentation  industries  and  particularly  to  physiology.  The 
theme  is  the  struggle  of  the  enzyme  in  the  yeast  cell." 

The  book  has  a  value  therefore  beyond  the  boundaries  of  the 
industries  named  and  while  it  should  be  found  in  the  working 
libraries  of  all  progressive  technologists  it  will  be  found  useful  ,as 
a  source  of  valuable  suggestion  to  biologists  and  physiologists  in 
their  work.  W.  McMurtrie. 

A  Laboratory  Manual  of  Physics  for  Use  in  High  Schools.  By 
Hbnry  Crbw,  Ph.D.  and  Robbrt  A.  Tatnall.  New  York:  The 
Macmillan  Company.     1902.    zii  +  *34  pp.    Price,  90  cents,  net. 

The  authors  have  certainly  succeeded  in  producing  a  very  com- 
mendable book.  The  experiments  have  been  carefully  selected 
with  a  view  "to  illustrate  the  first  principles  of  physics  as  simply  as 
possible/'  and  the  directions  for  their  performance  are  so  clear'and 
to  the  point  that  much  teaching  energy  is  saved.  Several  new 
experiments  are  given  as  substitutes  for  the  classical  ones  or  to 
illustrate  points  hitherto  somewhat  neglected  in  elementary  phys- 
ics. The  number  of  experiments  is  sufficient  to  admit  of  some 
latitude  of  choice,  and  by  means  of  references  the  work  in  the 
laboratory  is  brought  into  close  correlation  with  seven  of  the  best 
text-books  on  elementary  physics.  There  are  three  appendixes, 
the  first  being  an  interesting  reprint  from  a  paper  by  Robert  Boyle 
on  "A  New  Essay  Instrument,  etc.",  published  in  1675,  the  second 
giving  advice  as  to  the  selection  of  a  galvanometer,  and  the  third 
containing  various  physical  constants.  C.  £.  Linebarger. 

Plattnsr's  Manual  op  Qualitative  and  Quantitative  Analysis 
with  the  Blowpipe.  Translated  by  Henry  B.  Cornwall,  E.M., 
Ph.D.,  assisted  by  John  H.  Caswell,  A.M.  Eighth  edition  revised 
after  the  sixth  German  edition,  by  Prof.  Friedrich  Kolbeck.  Illus- 
trated with  87  wood  cuts.  New  York  :  D.  Van  Nostrand  Company. 
8vo.    Cloth.    Price,  $4.00. 

All  students  of  blowpipe  analysis  will  be  pleased  to  have  this 

latest  edition  of  Plattner's  classic  work  in  their  libraries,  especially 
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when  they  find  that  its  subject-matter  has  been  kept  thoroughly  up 
to  date  through  the  labors  of  Professors  Richter,  Kolbeck,  and 
others  and  by  valuable  foot-notes  and  suggestions  of  the  trans- 
lator. Although  the  blowpipe  behavior  of  several  new  minerals 
has  been  added  and  some  lately  devised  reactions  included,  no 
essential  alterations  have  been  made.  It  is  accordingly  unneces- 
sary to  make  an  extended  review  of  a  work  which  all  will  admit  is 
unsurpassed  and  has  been  proved  in  the  hands  of  a  generation  of 
students. 

yhe  book  is  divided  into  three  sections : 

First,  "A  Description  of  Apparatus  and  Reagents"  which  is 
fully  illustrated  and  occupies  56  pages.  In  this  section  all  appa- 
ratus and  reagents  approved  by  experience  are  described. 

Second,  "Qualitative  Blowpipe  Analysis."  This  section  occu- 
pies the  niajor  portion  of  the  book  and  contains  289  pages.  It  is 
complete  to  the  minutest  detail  and  besides  the  simpler  blowpipe 
reactions  gives  full  directions  for  separating  interfering  elements. 
Here,  too,  will  be  found  the  detailed  action  before  the  blowpipe  of 
all  minerals  and  metallurgical  products  which  even  the  expert  is 
likely  to  be  called  upon  to  identify  and  for  this  reason  alone  the 
book  should  be  found  in  every  mineralogical  laboratory. 

Third,  "Quantitative  Blowpipe  Analysis"  occupies  94  pages. 
To  the  blowpipe  enthusiast  this  section  will  perhaps  prove  the 
most  interesting.  It  is,  however,  probable  that  the  assayer  and 
chemist  will  for  some  time  to  come  monopolize  this  branch  of  the 
subject  Its  assays  for  silver,  gold,  copper,  lead,  bismuth,  tin, 
cobalt,  nickel,  and  mercury  are  highly  ingenious  and  will  com- 
mend the  admiration  of  all  chemists  for  the  intricate  knowledge  of 
the  chemical  reactions  involved  and  their  application  to  the  end  to 
be  attained. 

It  seems  almost  presumptuous  to  make  any  criticism  of  a  work 
of  this  character  but  many  will  regret  the  omission  from  the  trans- 
lation of  the  spectroscopic  methods,  at  least  as  applied  to  the  ordi- 
nary flame  spectra.  These  reactions  are  surely  as  applicable  to 
blowpipe  work  as  the  many  wet  methods  given,  and  no  procedure 
gives  quicker  or  more  certain  results.  The  chemical  notation  can 
hardly  be  called  modern  as  the  old  dualistic  formulas  are  still 
applied  to  by  far  the  larger  number  of  minerals.  All,  too,  will 
regret  the  use  of  such  obsolete  terms  as  sesquioxide,  protoxide. 
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bisulphate  of  potassa,  etc  The  work  of  the  translator  has,  how- 
ever, been  admirably  done.  The  German  has  been  intelligently 
and  accurately  converted  into  excellent  English  and  the  paper, 
typography,  and  binding  are  first-class. 

The  book  is  well  indexed.  Charles  Lathrop  Parsons. 

Ammonia  and  Its  Compounds— Their  Manufacture  and  Uses.  By 
Camuxe  Vincent.  Translated  from  the  French  by  M.  T.  Salter. 
London  :  Scott,  Greenwood  &  Co.    1901.    viii  +  114  pp.    Price,  £2.00. 

The  author,  Camille  Vincent,  is  well  known  for  his  method  of 
preparing  methyl  chloride  from  the  vinasse  of  the  beet-root  su^r. 
In  this  book  he  has  described  in  some  detail  the  methods  used  in 
France  for  the  production  of  ammonia  and  the  ammonium  com- 
pounds. So  far  as  it  goes  the  book  is  well  conceived  and  well 
written,  but  it  by  no  means  exhausts  the  subject  and  is  notable  for 
the  almost  entire  neglect  of  the  commercial  side — the  cost.  One 
of  the  large  sources  of  ammonia,  the  English  shales,  some  of 
which  give  72  pounds  of  sulphate  per  ton,  is  not  mentioned.  Nor 
is  any  attention  given  to  the  synthetic  preparation  of  ammonia — a 
problem  now  apparently  nearing  solution.  Edward  Hart. 
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As  this  method  has  been  practically  omitted  from  the  latest 
editions  of  Peters'  "Modern  Copper  Smelting,"  because  of  the 
superabundance  of  metallurgical  material  of  wider  interest,  and  as 
no  full  description  has  been  published  since  the  original  paper  of 
Mr.  M.  B.  Patch  was  printed,  many  years  ago,  it  may  be  of  advan- 
tage to  students,  and  to  assayers,  to  place  on  record  the  details  of 
present  practice  in  refineries  and  stamp  mills  of  the  Lake  Superior 
district. 

The  assay  is  adapted  only  to  native  copper  occurring  in  veins,  or 
bedded  deposits,  including  the  milled  concentrates  from  the  same, 
and  also  any  oxides,  carbonates  or  silicates  of  copper,  if  entirely 
free  from  sulphur.  While  Mr.  A.  H.  Low,1  of  Denver,  has  been 
very  successful  in  perfecting  the  "cyanide"  and  "iodide"  assays  of 
copper  ores  they  are  not  as  well  adapted  to  native  copper  products* 
as  the  "electrolytic"  assay  or  the  Lake  Superior  crucible  "fire 
assay." 

In  the  lake  region,  choice  of  method  is  made  according  to  the 
coarseness  and  richness  of  the  sample  to  be  treated  and  the  tech- 

»  Peters*  "Modem  Copper  Smelting,"  latest  edition. 
■  Bug.  Min.J.  (1895),  pp.  369  and  387. 
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nical  accuracy  required.  The  Heine  Blue  Test,1  improved  by  the 
writer  and  others,  is  suited  for  rapid  working  tests  of  poor  slags 
and  tailings  under  1.5  per  cent,  copper.  For  accurate  work  on 
material  easily  sampled,  the  battery  assay2  is  employed,  with 
special  modifications  when  applied  to  refined  copper.8 

SAMPLING  OF  MATERIALS  CONTAINING  NATIVE  COPPER. 

The  estimation  of  the  metal  may  be  required  in : 
I.  Mine  rock,  as  hoisted  from  prospecting  shafts ; 
II.  Mill  concentrates,  gravels  and  tailings ; 

III.  Rich  reverberatory  furnace  slags  ; 

IV.  Waste  slag  from  "slag  remelting"  cupolas. 

I.  The  low  grade  vein  rock  of  the  mines  is  well  understood  to 
carry  the  metal  in  particles  of  such  uneven  size,  so  unevenly  dis- 
seminated in  the  lode,  that  any  valuation  of  even  a  stope  on  any- 
thing short  of  a  mill  test  of  100  to  500  tons,  is  of  no  practical 
value.  An  approximate  test  of  any  particular  carload  might  be 
made  by  crushing  to  chestnut  size,  sampling  down,  grinding  sev- 
eral pounds  with  repeated  siftings,  picking  out  and  weighing  sepa- 
rately the  shots  left  on  each  sieve,  and  fusing  0.25  to  1  pound  of 
the  remaining  fines  in  a  crucible  with  appropriate  fluxes. 

II.  According  to  the  writer's  experience,  the  "battery  assay"  of 
rich  concentrates  does  not  give  as  good  results  in  the  long  run  as 
the  "fire  assay,"  even  if  a  large  sample  is  dissolved  in  acid  and  an 
aliquot  part  by  volume  of  the  solution  is  taken  for  the  electrolysis. 
Results  would  be  better  if  aliquot  parts  were  taken  by  weight,  for 
the  multiplication  of  slight  errors  in  measuring  flasks  tends  to 
make  the  result  rather  inaccurate. 

Rich  coarse  material  can  not  be  accurately  sampled  for  1000 
grain  assay,  when  very  dry,  but  should  be  wet  sufficiently  to  make 
the  particles  adhere  and  a  sample  taken  out  of  the  material  for  a 
water  determination,  just  before  the  one  for  copper.  At  refineries, 
concentrates  are  sampled  by  the  furnace  men,  either  at  the  shutes 
when  filling  hand-carts,  or  from  the  mixed  pile  on  the  charging 
floor  of  the  furnace,  the  sample  being  preserved  in  tightly  covered 
tin-lined  copper  cans. 

At  the  C.  and  H.  Stamp  Mills,  coarse  gravels  and  other  non- 

1  This  Journal,  19,  24  ;    Smith's  method:  Eng.  Min.J.  (1900),  pp.  307-364. 

*  Eng.  Mm.  J.  (1895),  pp.  369  and  387. 

•  Tram.  A.  I.  M.  E.%  July,  1897. 
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homogeneous  material  have  been  effectively  sampled  down  to  a 
small  portion  for  a  "battery  test"  by  the  method  of  repeated  sitt- 
ings with  removal  of  pellets,  as  suggested  for  vein  rock  (I). 
Some  of  the  larger  mills  send  the  concentrates  to  smelters  in  steel 
cars  having  a  cross-section  somewhat  like  an  inverted  hyperbola 
while  the  smaller  concerns  ship  in  oil  barrels  or  casks. 

To  avoid  rehandling,  the  concentrates  of  each  grade  are  often 
sampled  in  the  cars  or  other  containers,  just  before  weighing,  by 
means  of  a  pointed  tube  with  a  slit  on  the  side,  something  on  the 
principle  of  the  cheese  tryer.  This  instrument  seems  to  drive  back 
the  water  a  little  and  produce  a  sample  that  is  a  little  too  dry,  and 
therefore  a  little  too  rich  in  the  red  metal.  As  the  percentage  of 
moisture  continually  varies  in  all  mill  products,  it  is  necessary  in 
all  comparative  work  to  calculate  assays  to  dry  weights  of 
material. 

Principle  of  the  Fire  Assay. — The  ideal  would  be  attained,  if 
one  could  succeed  in  melting  and  reducing  all  the  copper  in  a 
sample  by  fifteen  or  twenty  minutes'  fusion  in  a  pot- furnace,  with- 
out carrying  any  iron  into  the  button,  to  be  incorrectly  weighed  as 
pure  copper.  In  practice  it  is  found  that  we  can  so  flux  and  fire 
native  copper  concentrates  (over  40  per  cent,  copper)  that  the  loss 
of  copper  in  the  slag  can  be  kept  at  about  0.25  per  cent,  (of  the' 
mineral  weighed)  and  shall  be  balanced  by  iron  in  the  copper 
button,  equivalent  to  0.25  per  cent  of  the  original  sample.  It  is 
also  possible  to  tell,  by  the  eye,  the  purity  of  the  copper  button, 
and  the  waste  in  the  slag,  within  a  limiting  error  of  about  0.1  per 
cent,  either  way. 

With  low  grades  of  mineral  and  slags,  the  correctness  of  the 
assay  can  not  be  told  so  closely  by  the  appearance  of  button  and 
slag,  but  a  button  entirely  free  from  iron  can  be  distinguished  from 
one  carrying  enough  to  affect  the  assay  result  0.1  per  cent,  or 
more.  Accordingly,  some  laboratories  fire  low  grades  ( 5  to  30  per 
cent,  copper)  with  such  a  fluxing  and  reducing  mixture  that  no 
iron  shall  be  carried  into  the  button.  The  copper  lost  in  the  slag 
(usually  0.3  to  0.4  per  cent.)  is  quickly  estimated  with  sufficient 
accuracy  by  calculating  roughly  the  weight  of  slag  produced 
(according  to  formulas  to  be  given),  crushing  a  portion,  esti- 
mating copper  by  blue  test,  and  adding  the  total  weight  of  copper 
found  in  assay  slag  to  the  weight  of  the  button. 
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Check  assays  should  always  agree  on  rich  grades  within  oa  to 
04  per  cent.,  and  on  poor  grades  within  0.2  per  cent  From 
month  to  month,  the  fire  assay,  when  properly  conducted  at  a 
smelter,  should  check  the  output  of  the  reverberatories,  adding  the 
slight  loss  in  the  waste  slag  from  the  cupolas. 

A  large  assay  button  from  rich  material  should  be  bright  on  all 
sides  and  have  a  small  hole  in  the  top  with  wavy  or  rough  upper 
surface  surrounding  the  cavity.  A  very  smooth  button  and  red 
slag  indicates  undue  slagging  off.  If  the  large  button  has  no  hole 
and  is  dark  on  the  bottom,  except  possibly  a  slight  ring  or  film  of 
brown  on  the  outer  edge,  it  will  be  too  high  in  iron.  Small 
buttons  from  low  grades  should  be  bright,  and  smooth,  or  with 
striations  on  upper  surface,  but  no  cavity. 

Pimples  and  pits,  or  a  purple  film  on  such  a  button  are  produced 
by  sulphur,  or  by  fragments,  of  coal  having  dropped  into  the 
crucible.  The  slag  from  rich  material  (over  40  per  cent,  copper) 
should  be  colored  black,  or  dark  brown, — from  low  grades,  black, 
or  nearly  so. 

APPARATUS  AND  FUEL. 

A  pot  furnace,  similar  to  the  accompanying  illustration,  is  gener- 
ally employed,  but  a  much  higher  temperature  and  quicker  heat  is 
required  than  can  be  attained  with  coke  and  natural  air-draft  in 
twenty-minutes*  time.  To  secure  the  quick,  sharp  heat,  the 
furnace  and  stack  must  be  brought  to  a  high  temperature  before 
charging  the  crucibles,  by  egg-size  soft  coal  and  natural  draft  or 
by  coke  with  an  air-blast  under  the  grate. 

At  the  new  laboratory  of  the  C.  and  H.  Stamp  Mills,  the  blast 
produced  by  the  smallest  size  Root  blower  is  passed  through  a 
a-inch  galvanized  iron  pipe,  to  the  air-tight  ash-pit  of  the  furnace. 
Two  rows  of  fire-brick  (2.5"  X  2.5"  cross-section)  are  placed 
across  the  grate,  and  the  fuel  is  kept  at  least  2  inches  above  the 
top  of  these. 

The  mill  of  the  Mass  Mining  Company  is  said  to  have  installed 
a  furnace  pot  heated  with  air-blast  gasoline  burners,  which  may 
be  very  satisfactory  tor  a  small  plant.  Rkh  grades  melted  in  sand 
cnicthles  wquir*  a  quick,  sharp  heat.  Low-grade  stuff,  if  fired 
in  Demrr  clay  crucibles*  requires  that  the  heat  should  be  lowered 
to  cberrv-nM  ;wst  before  changing  and  that  part  of  the  soda  be 
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placed  on  top  of  the  charge  in  the  crucible.  These  precautions  are 
taken  to  prevent  pellets  sticking  to  the  inside  walls  of  the  crucible. 
Not  only  different  classes  of  material,  but  the  same  grades,  if 
fired  in  different  makes  and  styles  of  crucibles,  will  require  con- 
siderable changes  in  fluxes,  especially  in  the  reducing  agent — 
cream  of  tartar.  Crucibles  of  Denver  clay,  or  of  sand,  affect  the 
slag  in  a  manner  similar  to  the  action  of  "basic,"  or  "acid"  linings 
in  Bessemer  converters.  The  more  basic  Denver  crucible  with 
round  top  and  tightly  fitting  cover  requires  more  flux  and  far  less 
reducing  agent,  than  an  open-shaped  triangular  sand  crucible. 
The  latter  is  better  to  keep  iron  out  of  the  large  copper  buttons 
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from  rich  material,  while  the  Denver  clay  with  extra  thin  walls 
has  proved  better  for  low-grade  silicious  stuff. 

THE  ACTUAL  ASSAY. 

Fluxes. — The  cream  of  tartar  must  be  99.5  to  100  per  cent.  purer 
and  all  the  chemicals  must  be  free  from  sulphur  or  sulphates.  For 
soda,  it  has  been  found  advisable  to  buy  the  "Natrona  brand" 
sodium  bicarbonate,  which  is  fused  in  a  large  iron  ladle,  poured 
into  a  smooth  iron  dish,  or  ladle,  to  cool,  and  then  pulverized 
through  a  sieve  of  20  meshes  to  the  linear  inch. 

Refined  crystallized  borax  is  fused  in  a  Dixon  graphite  crucible, 
poured  into  an  iron  dish  and  pulverized  to  pass  a  20-mesh  sieve. 
Powdered  silica  is  occasionally  employed  for  very  ferruginous 
slags,  such  as  blister  slag,  and  powdered  hematite  (Fe,08)  for 
very  silicious  material,  such  as  gravels,  or  carbonates  and  silicates 
of  copper. 

Weighing. — The  moist  material  is  dumped  by  the  assayer  on  a 
sampling  board  about  15"  x  20"  in  area.  Operators  formerly  used 
a  tray  made  of  straight-grained  wood,  which  has  to  be  wet  with 
water  frequently  and  the  superfluous  moisture  removed  with  a 
cloth.  The  best  thing,  in  every  way,  that  we  have  used  is  a 
vulcanite  tray,  is"x  19"  in  size,  such  as  is  sold  for  photographic 
purposes.  The  long  side  of  the  tray  next  to  the  operator  is  cut 
out,  and  we  have  a  sampling  platform  which  does  not  absorb 
moisture,  and  does  not  break  or  wear  out  with  months  of  use. 

The  assayer  quickly  mixes  the  sample  with  a  large  steel  spatula,, 
and  covers  up  the  pile  which  is  then  pushed  outward  from  the 
center  and  flattened  to  a  layer  about  1  inch  thick  and  1  foot  square,, 
or  a  little  more.  With  a  steel  spatula  (8-inch  blade),  vertical 
slices  are  quickly  taken  at  regular  distances  apart  (generally  from 
9  equi-distant  points),  dipping  to  the  tray  each  time  in  such  a 
manner  as  to  make  up  1000  grains  on  the  pan  of  the  pulp  balance. 
This  first  sample  is  put  in  a  dish  or  can,  to  be  dried  for  the  estima- 
tion of  water,  and  a  second  portion  is  immediately  taken  for  a 
copper  assay  and  placed  on  oiled  or  smooth  white  paper. 

Mineral  containing  70  to  95  per  cent,  copper  makes  so  little  slag 
of  itself  and  needs  so  little  flux,  that  there  would  not  be  enough 
from  the  gangue  present,  to  cover  the  button  and  keep  it  deoxi- 
dized while  cooling.    On  this  account  a  large  stock  of  old  assay 
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slag  is  accumulated,  preferably  from  low  grades,  ground  to  pass  a 
20-mesh  sieve,  assayed  for  copper,  and  ?  certain  quantity  added  to 
each  crucible  charge  of  rich  material  to  act  as  a  regulator  and  a 
cover  for  the  button.  If  known  grades,  varying  within  narrow 
limits,  are  regularly  assayed,  a  large  quantity  of  complete  fluxing 
mixture  can  be  made  up  and  added  by  measure  instead  of  weight. 
Otherwise,  weigh  fluxes  roughly,  according  to  formulas  deter- 
mined by  experience,  mix  with  the  spatula,  transfer  to  crucibles 
and  add  a  cover  l/l9"  to  *//  deep  of  cream  of  tartar. 

Scrape  away  the  hot  coals  from  the  surface  of  the  rows  of  brick 
in  the  furnace,  close  each  crucible  when  in  position,  with  a  clay 
cover  to  keep  out  coal,  poke  the  hot  fuel  around  the  crucibles, 
and  fill  in  fresh  coal  (egg  size)  up  to  1  inch  below  the  top  of  tfie 
sand  crucibles,  or  a  little  higher  for  Denver  clay  crucibles.  The 
covers  can  be  made  in  wooden  molds  from  a  mixture  of  fire-clay 
and  ground  fire-brick.  Old  crucible  bottoms  luted  with  clay  could 
be  employed.  When  using  soft  coal,  the  writer  has  the  fire  poked 
gently,  in  from  five  to  seven  minutes  from  the  start  (according  to 
the  sharpness  of  the  heat)  coaled  lightly  in  four  minutes  more, 
poked  again  five  minutes  later,  and  the  assays  taken  out  two  to  three 
minutes  afterwards,  the  furnace  having  come  to  a  very  high  heat 
— total  time  sixteen  to  eighteen  minutes.  Leave  any  charge  not 
melted,  until  it  just  comes  to  quiet  fusion.  The  melts  should  not 
be  jarred  while  cooling.  The  success  of  Che  assay  depends  largely 
on  the  quick  and  sure  regulation  of  the  time  and  degree  of  heat. 

The  above  manipulation  is  for  soft  coal  and  a  double-walled 
tight  furnace.  Coke,  or  gasoline  fuel,  would  require  different 
manipulation  to  get  the  same  results  in  the  time  allowed  (in 
general  not  over  twenty  minutes  for  complete  fusion).  If  low 
grades  are  to  be  fired  in  Denver  "E"  crucibles,  the  furnace  and 
stack  should  be  thoroughly  heated,  but  the  grate  cooled  down  to  a 
bright  red  by  taking  the  furnace  cover  off  for  a  few  minutes  just 
before  firing  the  assays.  The  heat  can  be  brought  up  within  the 
time  allowed,  but  the  slower  start  helps  to  prevent  pellets  from 
sticking  to  the  crucible. 

Specimen  charges  are  here  given  to  show  the  average  weights 
which  each  flux  loses  in  melting  down,  and  thus  to  indicate  a 
method  by  which  any  one  can  approximately  calculate  what  total 
slag  will  be  produced  in  any  case,  and,  in  conjunction  with  the 
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colorimetric  assay  of  that  slag,  the  total  copper  slagged  away  from 
the  button. 

Small  No.  5  Hessian  Triangular  Crucibles. 

Losses  in  melting     Calculated 
deducted.       slag  produced. 
Composition  of  charge.  Per  cent.  Grains. 

Rich  mill  concentrates,  sample  •=  1000  grains .  ( Cu  +  H, 0)= 88  1 20 

70  to  50  grains  sodium  carbonate 40  42 

70  to  50  grains  borax  glass o  70 

250  grains  assay  slag  (0.3  per  cent,  copper) .  •                             o  250 

300  grains  cream  of  tartar •> 75  75 

Total  slag 557 

Actual  weight  of  slag  found  to  be  550  to  570  -f  grains. 

Small  No.  5  Hessian  Triangular  Crucibles. 

Losses  in  melting     Calculated 
deducted.        slag  produced. 
Composition  of  charge.  Percent.  Grains. 

Poor  (slime)  mineral,  1000  grains (Cu  +  H20)=  33  670 

150  to  200  grains  sodium  carbonate 40  90 

150  to  200  grains  borax  glass o  150 

350  grains  cream  of  tartar 75  88 

Total  slag 998 

Actual  weight  varies  from  1000  to  1025  grains. 

As  the  only  appreciable  impurity  of  copper  assay  buttons  is 
metallic  iron,  if  we  desire  an  exact  assay  on  any  unknown  sample, 
we  have  only  to  determine  the  iron  in  the  button  and  the  trace  of 
copper  lost  in  the  slag,  calculate  both  results  to  the  1000  grains  of 
mineral  tested,  and  apply  the  corrections  to  the  weight  of  the 
button.  This  calculation  will  furnish  also  a  guide  as  to  the  effects 
of  experimental  variation  of  fluxes  and  conditions  of  heat. 

Specimen  charges  employed  in  practice  at  lake  refineries  axe 
presented  in  the  following  table.  They  are  based  on  the  original 
paper  of  Mr.  M.  B.  Patch  and  on  the  later  experience  of  the  writer 
and  assistants  with  a  variety  of  material.. 

It  will  be  advisable  to  use  the  higher  limiting  quantity  of  soda 
on  rich  concentrates*  when  the  old  assay  slag  employed  has  been 
preserved  from  1000  grain  assays  of  low-grade  material  only,  as 
such  slag  is  proportionately  lower  in  soda  and  oxide  of  iron  than 
the  usual  slag  produced  years  ago.  Conglomerate  mineral  con- 
tains much  more  ferric  and  titanic  oxides  than  the  amygdaloid. 
In  all  cases  there  is  some  fine  metallic  iron  in  mill  products,  due  to 
the  wearing  of  the  stamps. 
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It  is  evident,  from  the  foregoing  description,  that  the  Lake 
Superior  fire  assay  bears  no  relation  to  the  empirical  matting  assay 
in  use  at  Swansea,  but  is  a  practical  method,  easily  controlled 
when  once  thoroughly  learned,  and  sufficiently  accurate  for  all 
technical  purposes. 
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PERMANGANATE. 

By  H.  A.  Guns. 
Received  April  •$•  >9°*. 

although  at  various  times,  during  the  past  few  years,  different 
chemists  have  proposed  the  use  of  an  alkaline  thiocyanate  as  a  pre- 
cipitant in  the  estimation  of  copper,1  and  although  the  results  have 
been  shown  to  be  sufficiently  accurate  for  technical  purposes,  the 
fact  remains,  that  the  method  has  made  little  headway,  in  compe- 
tition with  the  electrolytic,  cyanide,  or  iodide  methods,  in  technical 
work,  particularly  in  the  metallurgical  laboratories  of  the  West, 
where  the  iodide  method  is  greatly  in  favor. 

In  the  iodide  method,  as  generally  practiced,  the  copper  is  first 
precipitated  by  aluminum  strips,  and  while  this  precipitation  is 
fairly  rapid  and  complete  in  concentrated  solutions,  it  is  not  at  all 
so  in  dilute  solutions  of  20  milligrams  or  less  of  copper  in  a  bulk 
of  150  cc.  of  dilute  sulphuric  acid.  Furthermore,  other  metals, 
particularly  arsenic,  interfere  by  being  precipitated  along  with  the 
copper,  and  have  to  be  rendered  inert  by  oxidation  with  potassium 
chlorate.  On  the  other  hand  the  precipitation  of  copper  as  thio- 
cyanate is  practically  complete  at  the  moment  of  adding  the  pre- 
cipitant; no  other  metals  interfere,  silver  being  the  only  other 
metal  precipitated  by  an  alkaline  thiocyanate  from  an  acid  solution, 
and  its  thiocyanate  is  unacted  upon  by  the  subsequent  caustic 
alkali  treatment. 

It  has  seemed  to  the  writer  that  the  main  drawback  to  the 
method  as  so  far  proposed  is  the  use  of  asbestos  as  the  filtering 
medium,  and  the  consequent  necessity  of  filtering-pumps,  which  in 
a  laboratory  doing  100  or  more  copper  assays  in  a  day  would 
render  the  process  awkward  and  cumbersome.    For  the  past  six 

1  This  Journal,  ao,  610;  aa,  685,  et  seq\  Am.  J.  Set.,  163,  ao-*6;  Chem.  CmirbL,  1,  (19), 
1065  (1899)- 
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months  the  writer  has  used  a  modified  form  of  this  process,  for  the 
estimation  of  copper  in  ores,  tailings,  and  concentrates,  doing  away 
with  asbestos  as  filtering  material,  and  using  filtering  paper  well 
extracted  (with  hydrochloric  acid  and  hydrofluoric  acid)  instead, 
the  process  being  briefly  as  follows : 

From  1  to  5  grams,  depending  on  the  material  for  assay,  are 
digested  in  an  8-ounce  flask  with  nitric  and  hydrochloric  acids, 
together  with  a  few  drops  of  sulphuric  acid,  to  get  rid  of  any  lead 
present,  the  excess  of  acid  is  boiled  away,  the  acid  solution  diluted, 
filtered,  and  the  residue  well  washed  on  the  filter.  The  acid  fil- 
trate is  neutralized  with  ammonia,  and  then  rendered  just  acid  by 
a  few  drops  of  dilute  hydrochloric  acid ;  the  acid  cupric  solution  is 
reduced  by  an  excess  of  sodium  sulphite,  or  sulphurous  acid 
previously  nearly  neutralized  by  sodium  carbonate,  and  the  copper 
precipitated  as  white  granular  cuprous  thiocyanate  by  a  slight 
excess  of  potassium  or  ammonium  thiocyanate.  The  mixture  is 
heated  to  boiling,  the  precipitate  settling  rapidly ;  the  clear  super- 
natant liquid  is  decanted  through  an  11 -cm.  filter,  and  the  residue, 
after  washing  by  decantation,  is  finally  washed  upon  the  filter,  and 
thoroughly  washed  with  hot  water.  The  funnel,  with  its  filter  and 
precipitate,  is  now  placed  in  the  original  precipitation  flask,  and  a 
boiling  10  per  cent,  solution  of  caustic  soda  poured  through. 
The  operation  is  repeated  with  a  further  amount  of  the 
caustic  solution,   the  filter  being  filled   full   each  time  to   in- 

• 

sure  complete  contact  with  all  of  the  precipitate.  Complete 
decomposition  of  the  cuprous  thiocyanate  takes  place,  the  equation 
being  CuCNS  +  NaOH  =  CuOH  +  NaCNS ;  the  insoluble  yel- 
low cuprous  hydroxide  remains  on  the  filter,  the  alkaline  thio- 
cyanate passing  through.  The  filter  and  contents  are  well  washed 
with  hot  water,  the  alkaline  filtrate  made  decidedly  acid  with 
dilute  sulphuric  acid,  and  the  liberated  thiocyanic  acid  titrated 
with  standardized  potassium  permanganate  at  the  warm  tempera- 
ture given  to  it  by  the  hot  water  washings. 

This  method,  like  most  other  technical  ones,  is  not  perfect.  The 
chief  imperfection  lies  in  the  slight  solubility  of  cuprous  thio- 
cyanate in  the  solutions  present.  Careful  experiments  as  to  this 
solubility  have  been  made  by  testing  the  filtrate  and  washings  from 
the  precipitation,  as  thiocyanate,  of  weighed  amounts  of  pure 
copper ;  the  copper  in  solution  in  the  filtrate  is  determined  colori- 
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metrically  by  potassium  ferrocyanide,  and  also  by  formaldoxime1 
(prepared  by  mixing  20  per  cent,  formaldehyde  solution  with  an 
equimolecular  proportion  of  hydroxy lamine  hydrochloride),  the 
reaction  being  an  intense  violet  coloration  for  the  faintest  traces  of 
copper.  It  was  found  in  this  way  that  the  most  complete  precipi- 
tation of  the  copper  was  obtained  when  made  under  the  conditions 
above  outlined,  and  even  under  these  conditions  the  precipitate  is 
to  a  slight  extent  soluble,  the  degree  of  solubility  being  most 
accurately  determined  by  standardizing  potassium  permanganate 
solution  with  pure  copper  as  above  described,  and  comparing  the 
value  thus  obtained  with  the  copper  value  calculated  from  the 
carefully  determined  iron  value  of  the  same  solution.  Thus,  com- 
paring the  equation 

10HCNS  +  i2KMn04  +  8H2S04  = 

6K2S04  +  i2MnS04  +  10HCN  +  8H,0 

for  thiocyanic  acid  and  permanganate  with  the  iron  equation  for 
permanganate,  the  copper-iron  ratio  is  ioCu:6oFe  and  the  factor 
for  copper  from  the  iron  value  is  0.1892.  The  copper  value,  as 
determined  by  the  precipitation  (as  thiocyanate)  and  titration, 
represents  a  factor  of  approximately  0.192  of  the  iron  value, 
the  difference  between  the  two  being  due  to  the  slight  solu- 
bility of  the  cuprous  thiocyanate  and  the  consequent  incomplete 
precipitation. 

By  standardizing  the  permanganate  solution  always  against 
pure  copper,  under  the  same  conditions  as  the  regular  assays,  this 
error  of  solubility  is  for  all  technical  purposes  eliminated.  The 
other  imperfection  of  the  method  is  the  action  of  the  filter-paper  on 
the  hot  caustic  alkali  solution,  which  is  very  slight,  and  is  constant 
for  the.  same  type  of  filter.  It  can  be  ascertained  by  running  a 
blank  filter  under  similar  treatment,  titrating,  and  making  the  cor- 
rection. On  an  n -cm.  filter,  it  amounts  usually  to  0.3  cc.  potas- 
sium permanganate,  of  a  strength  of  1  cc.  equal  to  2  milligrams 
copper. 

The  method  has  been  run  in  parallel  with  the  iodide  on  the  same 
samples  in  this  laboratory  during  the  past  six  months,  in  daily 
assays  of  concentration-mill  products,  and  in  'control'  assays  on 
smelter  shipments,  some  3000  determinations  having  been 
made  by  the  method  in  that  time.    The  method  was  begun  in 

1  A.  Bach:  Comfit,  rend.,  1*8,  (6),  363-365. 


OLEOMARGARINE  AND  BUTTER.  711 

a  tentative  way  at  first  for  tailings  assays,  for  which  neither  the 
cyanide  nor  iodide  methods  were  suitable,  nor,  from  the  arsenic 
and  manganese  present,  was  the  usual  colorimetric  method.  It  was 
later  adopted  for  the  assays  on  crude  ore  and  concentrates,  and  its 
results  have  been  uniformly  satisfactory.  In  practice  it  takes  about 
the  same  time  as  the  iodide  method,  and  while,  for  copper  to  the 
amount  of  3  per  cent,  and  upwards,  it  may  not  offer  many  advan- 
tages over  the  latter  method,  which  cannot  well  be  improved  upon, 
it  is  more  accurate  than,  and  distinctly  superior  to,  either  the  iodide 
or  cyanide  method  for  small  or  fractional  percentages  of  copper. 

Laboratory  op  the  Sxlvsr.  Lakb  Mines, 
Silvrrtow,  Colo.,  April  19,  190a. 


[Contribution  from  the  Laboratory  op  the  Bureau  op  Internal 

Revenue,  U.  S.  Treasury  Department.] 

THE  INFLUENCE  OF  THE  GROWTH  OF  MOLD  UPON  THE 
CHE11ICAL  COriPOSITION   OF   OLEOMAR- 
GARINE AND  BUTTER- 
BY  Charles  A.  Crampton. 

Received  April  xa,  190s. 

Having  occasion  to  pass  through  the  ordinary  course  of  analysis 
a  number  of  samples  of  oleomargarine,  which  had  been  kept  in 
glass-stoppered  bottles  for  about  two  years,  I  was  much  surprised 
at  the  results  obtained.  The  samples,  about  fifty  in  number,  had 
a  well-authenticated  history  of  having  been  taken  from  different 
packages  of  the  same  shipment  of  oleomargarine,  a  shipment 
which  was  represented  by  a  single  sample  taken  at  the  time  and 
examined  in  this  laboratory,  giving  a  normal  Reichert-Meissl 
figure. 

Instead  of  obtaining  the  usual  figures  from  the  fifty  old  samples, 
as  would  be  expected,  and  a  close  agreement  among  themselves, 
the  results  varied  greatly;  and  what  was  still  more  striking,  the 
figures  given  by  one  determination — that  of  the  refractive  index — 
were  so  low  in  some  cases  that  the  samples  would  have  been  classed 
as  butter,  if  judged  by  this  test  alone,  while  others  gave  results 
normal  for  oleomargarine.  Many  of  the  samples  were  permeated 
with  a  growth  of  dark  green  mold,  and  on  tabulating  the  results, 
it  was  soon  seen  that  this  was  the  cause  of  the  differences,  the 
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greatest  divergence  being  between  the  umpire  showing  a  strong 
growth  of  the  parasitic  plant,  and  those  showing  a  little  or  none. 

The  samples  were  divided  roughly  into  three  classes,  according 
to  the  apparent  amount  of  mold  present. 

Unfortunately,  the  amount  of  material  was.  very  small  in  any  of 
the  samples,  §o  the  only  determinations  that  could  be  carried 
out  upon  all  were  of  the  Reichert-Meissl  figure  and  refractive 
index,  but  specific  gravity,  Valenta,  and  iodine  values  were 
obtained  from  a  few  samples  in  each  class. 

The  average  figures  for  each  group  are  tabulated  together,  as 
follows : 
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44.28    No  mold. 

43.66    Slightly  molded. 

49.81    Heavily  molded. 


It  will  be  seen  that  the  molded  fat  gives  a  much  lower  average 
figure  in  all  the  constants  than  the  fat  free  from  fungus,  with  the 
single  exception  of  the  iodine  value.  The  melting-point  is  the 
same  in  all.  The  original  sample  which  represented  the  same 
material  and  which  had  been  kept  in  this  laboratory  since  De- 
cember, 1  Stx),  was  looked  up  and  found  to  be  apparently  free  from 
mold*  It  is  not  strictly  comparable  with  the  series  of  samples 
which  were  taken  and  preserved  by  parties  other  than  internal 
revenue  officers,  but  may  fairly  be  presumed  to  approximate 
pretty  closely  the  same  material.  Unfortunately  but  one  determi- 
n*tkw%  that  of  the  Reichert-Meissl  value,  was  made  upon  this 
sample  at  the  time  of  its  receipt  in  1899.  It  gave  R.  M.  =  2.42. 
An  ample  supply  of  material  was  still  available  which  had  no  out-, 
ward  appearance  of  change,  except  that  it  had  developed  the 
UlWwv  smell  incident  to  oleomargarine  on  long 

Koikvtfing  are  the  results  obtained : 
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Serial  No.  5264* 

400 
Specific  gravity  at  ^-5 0.9105 

Refractive  index  at  25°  C 1.4647 

Reichert-Meiaal  value 4.86 

Acid  value  (cc.  normal  alkali  required  for  100 

grains  fat) 17.10 

Hehner  value 92.70 

Valenta  value 68.0 

Crismer  value 66.3 

Iodine  value 47-52 

Soluble  fatty  adds,  per  cent 1.04 

These  results  correspond  pretty  closely  with  those  obtained  on 
the  samples  which  showed  no  mold.  Taken  together,  they  indi- 
cate a  very  decided  change  in  the  values  of  the  fat  on  long  keeping, 
much  more  than  has  usually  been  recorded  for  butter-fat.  The 
only  determination  made  on  the  original,  the  Reichert-Meissl 
value,  gives  a  considerable  increase,  and  the  other  values  have 
doubtless  also  changed,  as  some  of  them  are  quite  abnormal  for 
oleomargarine. 

The  figures  obtained  from  the  molded  samples  show  a  very  wide 
divergence  from  the  values  given  by  those  which  have,  presum- 
ably, been  affected  only  by  the  action  of  the  atmosphere.  The 
Reichert-Meissl  figure  is  much  less,  approaching  the  value  ordi- 
narily obtained  from  fresh  oleomargarine,  while  the  refractive 
index  and  Valenta  value  are  about  normal  for  butter.  The  specific 
gravity  is  very  low,  even  lower  than  the  normal  figure  for  oleomar- 
garine, and  far  below  the  specific  gravity  of  the  rancid  samples. 
The  iodine  value  shows  a  remarkable  variation,  which  may  be 
partly  due  to  some  difference  in  the  original  composition  of  the 
samples.  Some  of  the  latter  gave  a  reaction  for  cottonseed  oil, 
while  others  did  not.  The  mold  occurred  in  black  spots  on  the 
fat,  which  penetrated  entirely  through  the  mass.  The  fat,  on 
filtration,  was  of  a  reddish  brown  color,  quite  different  from  the 
color  of  the  fat  from  the  samples  free  from  mold.  In  other 
respects  (odor,  taste,  etc.)  they  did  not  differ  greatly. 

The  samples,  or  rather  residues  of  samples,  had  been  kept  in 
glass-stoppered  wide-mouthed  bottles.  Several  of  the  bottles 
were  sent  to  Dr.  Erwin  F.  Smith,  of  the  Bureau  of  Plant  Industry 
of  the  U.  S.  Department  of  Agriculture,  who  had  kindly  agreed  to 
determine  the  character  of  the  mold.  He  reported  as  follows  upon 
the  result  of  the  examination :  "AH  of  the  oleomargarine  bottles 
furnished  by  you  containing  fungi  have  now  been  examined.    The 


714  CHARUtS  A.  CRAMPTON. 

bulk  of  the  black  substance  in  each  one  is  Coniothecium,  probably 
an  undescribed  species.  The  species  of  this  form-genus  are  not 
well  differentiated,  and  are  generally  named  after  the  substratum 
on  which  they  are  found.  So  far  as  I  know  there  is  no  record  of 
any  such  fungus  on  butter.  Aspergillus  occurs  sparingly  in  three 
of  the  bottles,  5058,  5060  and  5061,  but  not  in  die  fourth,  5014, 
and  I  cannot  bring  myself  to  believe  that  it  occurs  in  sufficient 
quantity  to  have  had  any  influence  on  the  oleo." 

Efforts  to  engraft  this  mold  upon  butter  have,  thus  far,  proved 
unsuccessful. 

On  making  a  search  of  the  journals  for  recorded  observations 
on  the  effect  produced  by  mold  on  the  composition  of  fats,  I  found 
the  work  of  Hanus  and  Stocky :  "Ueber  die  chemische  Einwirkung 
der  Schimmel-pilsen  auf  die  Butter"  (Zeitschrift  Unt.  Nahr,  und 
Genussmittel,  (1900),  3,  606). 

They  found  that  a  sample  of  butter  which  had  become  covered 
with  mold  gave,  on  analysis,  figures  differing  considerably  from 
those  originally  obtained,  more  especially  in  acidity  and  volatile 
acids.  They  then  made  pure  cultures  of  nine  different  species  of 
mold  and  engrafted  them  upon  butter  of  known  composition. 
After  three  months  had  elapsed,  they  found  very  little  change, 
which  they  explain  upon  the  theory  that  the  molds  attack  primarily 
the  milk-sugar  and  protein  substances  in  the  butter,  and  first  exert 
their  effect  upon  the  fat  after  these  have  been  consumed.  .  Finding 
that  the  species  Mucor  mucedo  was  best  adapted  to  their  purposes, 
on  account  of  its  mycelium  penetrating  deeper  into  the  butter  than 
the  other  varieties,  they  engrafted  a  culture  upon  butter  of 
known  composition,  and  allowed  it  to  develop  for  a  year,  carrying 
along  with  it  a  blank  sample  of  the  same  butter  free  from  mold. 

I  have  collected  their  results  upon  the  three  different  samples 
into  the  following  table : 

Original  Blank 

batter*  control  Molded 

Chemical  constants.  fat.  sample.         aample. 

Add  figure  (cc.  normal  alkali  required 

for  100  grams  fat) 5.10  107.0  109.5 

Reichert-Meissl  figure 27.17  24.3  24.0 

Saponification  figure 226.00  222.1  217.3 

Iodine  figure 36.20  34.1  35.2 

Volatile  acids,  per  cent 5.10  4.96  4.90 

Molecular  weight  of  volatile  acids....  93.70  102. 1  102.2 

Free  volatile  adds*  per  cent * 0.40  0.55 

Molecular  weight  of  free  volatile  acids    ....  154.0  144.0 

Bther  figure. 162.2  156.3 
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From  these  results  they  reach  the  conclusion  that  the  growth  of 
molds  has  a  decided  effect  upon  the  composition  of  butter-fat, 
splitting  up  the  glycerides  into  fatty  acids  and  glycerol,  the  latter 
serving  as  a  nutrient  to  the  molds ;  secondarily,  the  free  fatty  acids 
of  lower  molecular  weight  are  either  oxidized  to  higher  adds,  or 
are  reduced,  the  presence  of  aldehyde-like  bodies  favoring  the 
latter  hypothesis. 

The  original  butter  used  in  the  experiment  was  not  sterilized, 
and  the  authors  noted  a  considerable  development  of  outturn,  a 
different  type  of  fungus  growth,  in  the  control  sample,  and  also  in 
the  sample  engrafted  with  tnucor,  both  species  growing  together. 
They  are,  therefore,  unable  to  say  just  how  much  of  the  change  in 
composition  is  due  to  the  growth  of  tnucor,  how  much  to  oidiutn, 
and  how  much  to  the  action  of  air  and  light  solely. 

Laxa1  found  that  the  molds,  Oidiutn,  Penicillium,  and  Mucor, 
effect  a  hydrolysis  of  butter- fat,  as  do  also  the  yeasts,  though  to  a 
less  extent.    I  have  no  access  to  the  original  paper. 

The  most  recent  and  conclusive  work  upon  the  fat-destroying 
power  of  molds  is  that  by  Koenig,  Spiechermann  and  Bremer,2 
whose  paper  contains  also  a  Comprehensive  review  of  the  results 
recorded  by  other  observers  in  this  direction.  They  investigated 
the  changes  produced  in  the  composition  of  cottonseed  meal,  along 
with  other  food  and  fodder  materials,  by  various  classes  of  micro- 
organisms. They  found  a  well-marked  effect  exerted  upon  the 
oil  by  both  bacterial  and  fungous  growths,  under  conditions  favor- 
ing their  development.  I  will  quote  here  the  more  pertinent  of 
their  conclusions: 

"8.  Experiments  with  pure  cultures  of  mycelium  fungi  obtained 
froip  cottonseed  meal,  and  with  other  species  grown  upon  sterilized 
cottonseed  meal,  and  also  upon  artificially  prepared  nutrient 
material  containing  fat,  have  shown  that  the  mycelium  fungi  are 
abundantly  able  to  use  as  a  source  of  carbohydrate  both  fats  and 
the  higher  fatty  acids  (liquid  and  solid). 

"9.  Hand  in  hand  with  fat  consumption  goes  always  the  split- 
ting up  of  the  fat,  yet  this  reaction  never  extends  to  the  entire  body 
of  fat  present,  and  it  varies  in  strength  with  different  micro- 
organisms. 

******* 

~    x  Arch.  Hyg.%  41, 119;  /.  Sac.  Chem.  f*d.,  si,  a68  (190a). 

•  ZtUsckrifi  Unt.Nakr.  un4  GenussmiUel  4,  731  and  769  (1901). 
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"u.  The  fat  is  apparently,  for  the  greater  part,  decomposed  di- 
rectly into  carbonic  acid  and  water." 

The  investigation  showed  that  bacteria  resisting  a  sterilization 
temperature  of  ioo°  (so-called  kochf ester  bacteria)  were  capable 
of  bringing  about  the  decomposition  of  fat,  though  not  to  the 
same  extent  as  the  fungous  growths  which  are  visible  to  the  eye. 

The  results  obtained  by  m4  strengthen  the  conclusions  reached 
in  the  investigations  outlined  above,  and  have  two  important 
bearings: 

First,  a  most  practical  bearing  upon  the  interpretation  oi 
analytical  results ;  and  second,  upon  various  unsolved  problems  of 
the  constitution  and  metamorphosis  of  the  glycerides.  In  regard 
to  the  first,  the  obvious  lesson  is  that  no  reliance  can  be  placed 
upon  the  ordinary  constants  used  for  the  detection  of  foreign  fats 
in  butter  when  the  sample  in  question  has  been  invaded  by  the 
growth  of  mold.  An  apropos  instance  may  perhaps  be  cited  in  a 
communication  by  H.  Droop  Richmond  in  the  British  Food 
Journal,  (1903)  3,  393.  The  writer  discusses  the  anomalous  re- 
sults obtained  in  the  analysis  of  Russian  butter  in  certain  import- 
ant legal  cases  before  the  English  courts.  He  is  unable  to  account 
for  the  figures  obtained,  some  of  which  point  strongly  towards 
adulteration;  but  he  mentions,  incidentally,  the  fact  that  his 
samples  showed  the  growth  of  a  mycelium  fungus,  and  this  prob- 
ably affords  the  key  to  a  solution  of  the  entire  matter. 

A  sample  of  butter,  recently  brought  to  this  laboratory,  showed 
a  growth  of  mold  upon  a  portion  of  its  surface.  A  separation  of 
the  molded  and  unmolded  portions  was  made,  and  the  following 
values  obtained.    The  identity  of  the  mold  was  not  established. 

Sbrjai,  No.  5109. 

Without  mold.  With  mold. 

Reichert-Meiaal  value 26.79  25.53 

Refractive  index  at  250  C M59*  1-4594 

These  results  confirm  the  observations  of  H?nus  and  Stocky  to 
the  effect  that  the  growth  of  mold  in  butter  produces  a  slight  but 
distinct  decrease  in  the  Reichert-Meissl  value. 

From  another  sample,  however,  I  obtained  values  which  showed 
a  much  more  radical  change  in  composition,  and  which  are,  so  far 
as  I  am  aware,  the  lowest  in  some  respects  ever  reported  from  a 
genuine  butter.    This  sample,  Serial  No.  5385,  was  received  in 
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February,  1899,  at  which  time  it  gave  a  Reichert-Meissl  value  of 
29.92.  For  some  reason  it  had  not  been  thrown  out,  and  when 
examined,  in  March,  1902,  after  remaining  three  years  undisturbed 
in  a  tin  can,  it  was  found  to  be  thoroughly  permeated  with  a 
reddish  brown  mold.  ' 

This  was  examined  by  Dr.  Smith,  who  reports  it  as  Conio- 
sporium  sp.f  He  found  also  Penicillium  $p.f  in  small  quantity. 

A  fair  quantity  of  the  filtered  fat  was  obtained,  which  was  of  a 
rather  deep  shade  of  orange-yellow.    It  gave  the  following  values : 

Serial  No.  5585. 

Specific  gravity  at  4_- 0.8978 

Refractive  index  at  250  C 1-4578 

Reichert-Meiaal  value I3*°9 

Acid  value  (cc.  normal  alkali  required  for  100 

grains  fat) 141.75 

Iodine  value 40.66 

The  Reichert-Meissl  value  is  less  than  half  of  the  original ;  the 
refractive  index  is  abnormal,  being  lower  than  that  obtained  from 
butter;  and  the  specific  gravity  is  rather  lower  than  the  usual 
"oleo"  figure. 

Returning  to  the  results  obtained  from  the  oleomargarine  which 
had  been  kept  a  long  time,  but  which  showed  no  apparent  growth 
of  mold,  Serial  No.  5264,  the  values  approach  figures  normal  for 
butter,  as  is  also  the  case  with  those  samples  in  the  series  which 
showed  little  mold.  In  further  confirmation  of  this,  three  other 
samples  of  oleomargarine  were  selected,  none  of  which  showed 
visible  evidence  of  the  presence  of  mold.  These  samples  were 
received  during  the  months  of  February  and  March,  1899,  and  had 
consequently  been  kept  (in  tin  cans)  over  three  years.  The  fol- 
lowing table  gives  the  Reichert-Meissl  values  at  the  time  of  their 
receipt,  and  at  the  time  of  their  re-examination ;  also  the  refractive 
indices,  specific  gravity,  and  acid  values. 

1903. 

*  1         »  ■  s 

1899.  Specific  Add 'value  (cc. 

Reicnert-  Reicnert-  gravity  normal  alkali 

Serial            Meiatl  ICeiaal  Refractive                .  40°.  required  for 

No.               value.             value.  index.  *  40°  100  grama  fat). 

5386  3.30       4.26       I.4639       0.910a       43.8 

5387  £76       5.6b       1.4^56       O.9159       5.0 

5388  2.20      5.26      1.4679      0.9T44       6.1 
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The  changes  brought  about  in  the  Reichert-Meissl  values  are 
fully  as  radical  as  in  the  other  samples ;  the  specific  gravities  also, 
while  no  comparison  can  be  made  owing  to  lack  of  data  on  the 
samples  as  originally  received,  have  manifestly  increased,  as  they 
are  as  high  as  butter  normals. 

From  an  analytical  standpoint,  these  changes  in  composition  are 
even  more  dangerous  than  those  produced  .by  the  growth  of  a 
micro-organism  like  mold  which  is  visible  to  the  eye.  That  they 
are  due  entirely  to  the  ordinary  action  of  air  and  light  cannot  be 
believed,  and  this  leads  up  to  the  consideration  of  the  theoretical 
bearing  of  the  results,  particularly  upon  the  nature  of  rancidity 
changes.  Most  of  the  authorities  on  fats  and  oils(Lewkowitsch, 
Wright,  etc.)  accept  as  conclusive  the  results  of  Ritzert1  who 
found  that  pure  lard  was  not  turned  rancid  by  bacteria  introduced 
into  it,  as  they  soon  died ;  and  that  fat  sterilized  at  1400  became 
rancid  on  subsequent  exposure  to  light  and  air. 

I  am  not  now  in  a  position  to  oppose  specifically  the  conclusion 
that  a  fat  cannot  become  rancid  without  the  presence  of  micro- 
organisms, although  I  hope  to  be  able  soon  to  repeat  the  experi- 
ments of  Ritzert  upon  this  point.  But  I  do  not  think  there  can  be 
any  room  for  doubt  that  the  growth  of  micro-organisms  plays  a 
highly  important  r61e  in  the  changes  which  occur  in  fats  and  oils 
under  ordinary  conditions  of  exposure.  Even  if  it  be  granted  that 
the  breaking  up  of  the  glycerides  may  eventually  take  place 
merely  from  the  presence  of  oxygen,  it  is  certain  that  the  change  is 
greatly  promoted  and  expedited  by  their  development. 

I  think  it  may  safely  be  asserted,  for  the  edible  fats,  at  least, 
where  the  presence  of  nitrogenous  and  other  non-fatty  matter 
affords  a  sprouting  medium  for  such  growth,  that  the  greater  part 
of  the  changes  embraced  under  the  general  term  "rancidity"  is  due 
to  the  action  of  micro-organisms,  or  to  the  enzymes  resulting  from 
their  development.  The  most  rational  explanation  of  the  results 
obtained  on  the  samples  of  oleomargarine  appears  to  me  to  be  as 
follows :  The  glycerides,  exposed  to  the  cool  damp  air  of  the  re- 
frigerator, and  in  contact  with  the  nitrogenous  matter  derived  from 
the  milk  used  in  the  process  of  manufacture,  underwent  a  gradual 
decomposition,  probably  induced  and  promoted  by  bacterial 
growth,  with  the  formation  of  the  lower  fatty  acids*     This  pro- 

1  UntersHckungen  uber  d,  JtanzigwertUn  der  FetU,  Inaug.  Diss.,  Berlin,  1890. 
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gressed  to  a  very  considerable  degree,  giving  the  high  results 
obtained  for  volatile  acids  and  specific  gravity  obtained  from  the 
samples  which  showed  no  mold.  The  germs  of  the  Coniothecium 
fungus  having  gained  access  to  the  fat,  or,  more  probably,  having 
been  contained  in  it  originally,  and  their  growth  being  started  by 
the  favorable  conditions  resulting  from  the  splitting  up  of  the 
glycerides,  attacked  the  liberated  fatty  acids  and  glycerides,  and 
consumed  them  in  proportion  to  the  growth.  The  growth  of  the 
fungus  produced  further  decomposition  and  a  further  consumption 
of  fatty  acids,  with  a  preferment  for  those  of  lower  molecular 
weight,  until  the  remaining  mixture  of  fat  and  free  acids  gave  the 
diminished  values  for  volatile  acids  and  specific  gravity  obtained 
from  the  molded  samples. 

Experiments  are  now  in  progress  in  this  laboratory  having  the 
object  of  a  more  exact  investigation  of  the  changes  brought  about 
in  fats  by  the  growth  of  mold.  This  I  hope  to  accomplish  by 
growing  pure  cultures  upon  a  large  quantity  of  fat  of  known  com- 
position. As  these  experiments  will  necessarily  require  a  long 
time  for  completion,  I  report  the  results  set  forth  above  as  a  pre- 
liminary paper. 

My  thanks  are  due  to  Mr.  F.  £.  Simon  and  Mr.  A.  B.  Adams  of 
this  laboratory,  by  whom  the  principal  part  of  the  analytical  work 
was  performed. 


[Contribution  from  the  John  Harrison  Laboratory  op  Chemistry, 

No.  65.] 

AN  ELECTROLYTIC  STUDY  OF  PYRORACEMIC  ACID.1 

By  Gborgb  w.  Rockwell. 

Received  March  19, 190s. 

Wish  inc  to  study  the  effect  both  of  the  oxidizing  and  reducing 
power  of  the  electric  current  upon  an  organic  body,  aiming  at  the 
same  time  to  fix  the  conditions  so  that  other  persons  upon  repeat- 
ing the  experiments  might  well  expect  to  get  similar  results,  I 
selected  pure  pyroracemic  acid  for  my  investigation. 

The  apparatus  employed  in  the  experiments  consisted  of  a 
beaker  glass,  a  porous  cup,  which  served  as  a  septum  for  the 
separation  of  the  anode  and  cathode  liquids,  and  two  platinum 

1  From  author*!  thesis  for  Ph.D.  degree,  1900. 
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electrodes  of  ioo  sq.  cm.  surface  each.  When  hydrochloric  acid 
was  used  as  an  electrolyte,  an  anode  of  carbon  was  substituted  for 
that  of  platinum.  In  several  instances  lead  electrodes  were  used ; 
these  were  of  the  same  surface  as  that  of  the  platinum  electrodes. 

The  solvent  generally  employed  was  ordinary  alcohol  (about  95 
per  cent.).  The  concentration  of  the  solution  electrolyzed  de- 
pended upon  the  conditions  assumed  for  each  experiment. 

When  a  temperature  sufficient  to  volatilize  alcohol  was  used,  a 
return  condenser  was  inserted  into  the  neck  of  the  porous  cup,  by 
means  of  a  large  rubber  stopper. 

The  current  employed  in  most  of  the  experiments  was  from  an 
ordinary  no- volt  incandescent  light  circuit,  which  was  adjusted 
by  means  of  lamps  and  wire  resistance  frames,  so  that  a  current 
ranging  from  0.1  to  10  amperes  could  be  used.  Sometimes  the 
current  from  five  chloride  accumulators,  and  in  one  instance  only, 
that  of  eight  gravity  cells  of  the  ordinary  type  was  applied. 

The  temperature  was  taken  with  an  ordinary  thermometer.  The 
readings  were  made  with  the  thermometer  inserted  in  the  cathode 
liquid. 

Attempts  were  made  to  estimate  the  various  products  of  the 
electrolysis  quantitatively,  but  I  am  convinced  that  they  have  fallen 
short  in  every  case. 

EXPERIMENTAL  PART  I. 

The  experiments  considered  in  this  part  are  those  in  which  the 
oxidizing  action  of  the  current  was  studied. 

A.     Oxidation  in  Sodium  Hydroxide  Solution. 

Experiment  1. — This  was  conducted  with  the  following  con- 
ditions : 

Pyroracemic  acid 5.56  grams. 

Sodium  hydroxide 10  grams. 

Alcohol 100  cc. 

Temperature  Ordinary. 

Time 2a  hrs. 

Normal  density,  N.  D.|M • 1.3  amperes. 

Voltage 3%  volts. 

Water  sufficient  to  dissolve  the  sodium  hydroxide  was  also 
added. 

A  Bunsen  voltameter  containing  alkali  was  inserted  in  the  cir- 
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cuit,  in  order  to  compare  the  volumes  of  the  electrolytic  and  ex- 
perimental gases  given  off  in  the  same  period  of  time. 

One  comparison  was  made  and  the  experimental  gas  analyzed. 
The  results  of  the  analysis  are  as  follows : 

Volumes  of  the  gases  disengaged  in  the  same  time : 


Electrolytic 79.1  cc. 

Experimental 12.4  cc. 

{0.4  cc.  COs 
2.S  CC.  O 
9.2  cc.  N 

This  analysis  shows  the  presence  of  air  and  as  the  experimental 
gases  evidently  did  not  escape  fast  enough  to  prevent  the  air  from 
entering  in  at  the  joints  of  the  apparatus  during  the  time  of  their 
collection,  no  more  comparisons  were  made. 

Toward  the  close  of  the  experiment  it  was  noticed  that  the 
brilliancy  of  the  incandescent  lamps,  through  which  the  current 
was  conducted,  was  greatly  diminished,  until  finally  the  filaments 
became  dull  red  in  color.  This  indicated  that  the  solution  in  the 
porous  cup  had  become  greatly  deficient  in  its  power  of  conductiv- 
ity, but  the  real  cause  of  this  behavior  was  not  noticed  at  the 
moment. 

The  contents  of  the  porous  cup  were  poured  into  a  beaker  glass, 
where  they  were  discovered  to  have  changed  color,  passing  from  a 
straw-yellow  to  a  cherry-red.  The  solution  was  allowed  to  stand 
over  night  and  then  was  filtered  through  a  coarse  filter-paper  to 
remove  silica,  after  which  it  was  distilled  over  a  free  flame.  The 
distillate  possessed  an  ethereal  odor. 

Experiment  2. — The  oxidation  was  made  with : 

Pyroracemic  acid •  •  4-33  grams. 

Sodium  hydroxide 5  grams. 

Alcohol 50  cc. 

Time 5V1  hours. 

Temperature Ordinary. 

N.  Dm 1.3  amperes. 

Voltage 3]/s  volts. 

Water  sufficient  to  dissolve  the  sodium  hydroxide  was  also 
added.  In  this  experiment  the  experimental  gas  was  collected 
after  the  current  had  been  allowed  to  act  for  some  time.  It  was 
analyzed  with  the  following  results,  100  cc.  of  gas  being  taken  as 
sample  each  time. 
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Analysis  L 
ioo  cc.  of  gas  taken  during  first  and  second  hoars : 

Carbon  dioxide 24.6 

Oxygtn 9.6 

Carbon  monoxide 14.6 

Nitrogen 51.2 

Analysts  II. 

100  cc,  of  gas  taken  during  third  and  fourth  hours : 

cc 
Carbon  dioxide 73.2 

Analysis  III. 
100  cc.  of  gas  taken  during  fourth  and  fifth  hours : 

cc 

Carbon  dioxide 59.6 

Oxygen 9.4 

Carbon  monoxide . 13.6 

Nitrogen 17.4 

These  gas  analyses  show  that  the  action  of  the  current  had 
taken  effect,  either  in  oxidizing  some  of  the  carbon  of  the  pyro- 
racemic  acid  to  carbonic  acid,  or  that  it  had  caused  a  rupture  in 
the  molecule  CH,CO  COOH,  splitting  off  carbon  dioxide. 

The  contents  of  the  porous  cup  were  treated  as  above,  and  it  was 
noticed  at  this  juncture,  that  the  distillate  possessed  the  odor  of 
acetic  ether. 

Experiment  3. — About  29  grams  of  pyroracemic  acid  were  used ; 
all  the  other  conditions  were  not  noted,  the  object  being  to  get  a 
better  insight  into  the  gases  by  a  more  rapid  evolution  of  the  same 
from  the  experimental  cell.  They  were  collected  in  samples  of  100 
cc.  after  the  current  had  acted  for  several  hours. 

Analysis  I. 

cc. 

Carbon  dioxide 92.8 

Oxygen 3.0 

Carbon  monoxide • 1.0 

Nitrogen 3.2 

Analysis  II. 

cc 

Carbon  dioxide 85.0 

Oxygen 7.8 

Carbon  monoxide » 2.8 

Nitrogen 4-4 
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The  samples  for  these  analyses  were  collected  several  hours 
apart  and  show  conclusively  that  the  action  of  the  current  had 
either  caused  an  oxidation  or  a  breaking-down  in  the  molecule  of 
the  pyroracemic  acid. 

The  electrolyte  in  this  experiment  possessed  the  color  and  odor 
previously  observed. 

Experiment  4. — Here  the  conditions  were: 

Pyroracemic  acid 19.87  grams. 

Sodium  hydroxide - 40  grams. 

Alcohol 150  cc. 

Water 100  cc. 

Temperature Ordinary. 

Time . 90  hours. 

N.  D.|M . 1.3  amperes. 

Voltage 3-4  volts. 

Thus  far  I  had  collected  the  gases  escaping  from  the  experi- 
mental cell  over  the  same  water,  and  I  observed  that  the  latter 
possessed  an  odor  characteristic  of  aldehyde.  The  electrolyte, 
also,  if  noticed  carefully,  was  found  to  bear  an  aldehydic  odor,  be- 
sides that  of  acetic  ether  and  alcohol. 

As  a  consequence  of  these  observations,  an  Erlenmeyer  flask 
containing  ether  was  inserted  into  the  exit  tube  leading  to  the 
vessel  in  which  the  water  was  contained,  and  allowed  to  remain  for 
several  hours,  after  which  the  flask  was  removed  and  dry  ammonia 
gas  passed  through  the  ether.  A  white  precipitate  of  aldehyde 
ammonia  was  the  result. 

Experiment  5. — The  amounts  of  material  varied  but  little  from 
those  in  the  preceding  experiments. 

Pyroracemic  acid 10  grams. 

Sodium  hydroxide 10  grams. 

Alcohol... 100  cc. 

Water 85  cc. 

Temperature 30°-8o°  C. 

Time • 8  hours. 

N.D.100 2.5  amperes. 

Voltage 6-20  volts. 

With  the  anode  liquid  made  up  as  above  indicated,  the  experi- 
ment was  started  and  allowed  to  continue  until  it  became  almost  a 
non-conductor,  as  observed  in  some  of  the  preceding  experiments. 
The  temperature  and  voltage  increased  while  the  amperage  natu- 
rally decreased. 
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The  gases  were  passed  through  ether,  as  before,  and  the  alde- 
hyde precipitated  by  ammonia.  The  yield  in  this  experiment  was 
equal  to  0.9656  gram  aldehyde,  or  19  per  cent,  of  the  theoretical. 

Here  it  might  be  die  proper  place  to  offer  some  theoretical  ex- 
planation of  the  reactions  so  far  observed. 

First,  it  seems  that  aldehyde  is  the  first  product  of  the  oxidation, 
and  it  appears  to  be  formed  by  the  breaking-down  of  the  acid 
molecule  in  this  manner : 

CH$COCOOH  =  CH.CHO  +  CO,. 
Secondly,  from  the  very  characteristic  odor  of  acetic  ether, 
which  is,  without  a  doubt,  present,  I  conclude  that  it  must  be 
formed  from  the  acetic  acid,  which  would  naturally  be  the  next 
product  of  the  oxidation,  and  the  alcohol  present  in  the  solution 
thus: 

CH.CHO  +  O  =  CH.COOH, 

CH.COOH  +  Cf  H5OH  =  CHaCOOCtH,  +  HtO. 

The  singular  fact  about  this  is  that  these  reactions  took  place  in 
a  solution  that  was  strongly  alkaline  to  begin  with.  But  as  we 
know  that  such  ethers  are  generally  formed  in  acid  solutions,  the 
pr  sence  of  acetic  ether  here  gives  very  reliable  evidence  of  the 
formation  of  acetic  acid  as  a  second  product. 

Thirdly,  another  reaction,  in  all  probability,  takes  place  thus : 

CH,COOC2H5  +  NaOH  =  CH8COONa  +  C,H5OH. 

By  this  reaction  sodium  acetate  would  be  formed,  regenerating 
the  alcohol. 

All  these  reactions,  of  course,  are  only  of  theoretical  interest. 

Experiment  6. — The  material  used  was : 

Pyroraoemic  acid 10  grams. 

Sodium  hydroxide 10  grama. 

Alcohol* 100  cc 

Water xiocc. 

Temperature 6o°-8o°  C. 

Time 5  hours. 

N.  D.ijo • 2.5  amperes. 

Voltage 6-56  volta. 

The  cell  containing  this  solution  was  placed  upon  a  water-bath 
and  was  attached  to  a  return  condenser,  which  served  to  condense 
any  vaporized  alcohol.  A  low  flame  was  applied  to  keep  the  tem- 
perature within  the  limits  given.    A  long  glass  tube  connected  the 
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top  of  the  condenser  with  two  Erlenmeyer  flasks,  which  contained 
anhydrous  ether.  This  tube  served  to  conduct  the  exuding  gases 
through  the  ether. 

The  experiment  was  interrupted  when  the  bubbles  passed  slowly 
through  the  ether  and  in  place  of  the  return  condenser  an  ordinary 
Liebig  condenser  was  attached  to  the  anode  chamber  and  the  ex- 
periment continued.  A  liquid  very  like  acetic  ether  in  odor  began 
to  distil  over  at  76°-77°  C,  but  almost  immediately  the  tempera- 
ture rose  to  780  C,  when  alcohol  came  over.  The  distillate  was 
collected  for  several  minutes  and  it  had  all  the  appearance  and 
odor  of  those  residual  liquids  obtained  from  the  ether  extractions 
in  the  previous  experiments. 

The  change  in  color  of  the  anode  liquid  was  undoubtedly  due  to 
the  usual  effect  of  an  alkali  on  aldehyde. 

The  precipitated  aldehyde  ammonia  in  this  case  equaled  0.7980 
gram,  equivalent  to  0/5755  gram  of  aldehyde,  or  one-tenth  of  the 
theoretical  yield. 

The  anode  liquid  was  evaporated  on  the  water-bath  after  filtra- 
tion, when  it  gave  a  tarry  residue,  from  which  nothing  could  be 
sublimed. 

Experiment  7. — The  same  conditions  were  observed  as  given 
above  for  Experiment  6,  with  the  exception  of  the  time,  which  was 
cut  down  to  four  hours  and  twenty  minutes.  In  this  experiment 
the  ether  was  chilled  by  ice-water  and  a  copious  precipitate  of  alde- 
hyde ammonia  was  obtained.    It  was  not  weighed. 

Experiment  8. — This  was  performed  according  to  the  conditions 
under  Experiment  6.  A  better  yield  of  aldehyde  was  obtained. 
The  aldehyde  ammonia  equaled  4.88  grams,  equivalent  to  341 
grams  of  aldehyde,  or  about  three-fifths  of  the  theoretical. 

Experiment  p. — This  experiment  was  performed  with  the  fol- 
lowing conditions : 

Pyroracemic  add 10  grams. 

Sodium  hydroxide 10  grama. 

Water no  cc. 

Alcohol 100  cc. 

Time 7V1  hours. 

Temperature 500  C. 

jj.  D«i§0 ••••••  ••••••••••  ••••••  ••••••■•••••  x •35""^,**5  amperes. 

Voltage 5-40  volts. 

Lead  electrodes  were  used*    It  is  seen,  from  the  above  data  re- 
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garding  amperage  and  voltage,  that  the  action  proceeded  along 
the  same  line  as  it  does  with  the  platinum  electrodes.  The  alde- 
hyde was  precipitated  as  aldehyde  ammonia,  as  before ;  it  equaled 
1.5522  grams.  It  was  thought  that  the  lead  peroxide  being 
formed  at  the  anode  might  aid  in  the  oxidation,  but  it  seems  to 
have  no  action. 

Experiment  10. — The  conditions  observed  here  were  similar  to 
those  of  Experiment  9,  with  the  exception  of  the  temperature, 
which  was  raised  to  700  C.  For  the  platinum  electrodes,  two 
carbon  electrodes  of  45  sq.  cm.  were  substituted.  This  experi- 
ment yielded  aldehyde  upon  the  usual  treatment.  It  was  not 
weighed. 

It  was  thought  that  possibly  the  carbon  would  produce  milder 
oxidation,  by  uniting,  with  the  oxygen  to  form  an  atmosphere  of 
carbon  dioxide,  and  thus  retard  the  oxidation.  In  this  manner  it 
was  hoped  to  form  acetyl  superoxide,  and  then  have  this  break 
down  into  diacetyl,  thus : 

1.  CH.COCOOH  CH.COO 

+  OOO  =  HfO  +  2CO,  +  I 

CH.COCOOH  CH.COO 

2.  CH.COO  CH.CO         _ 

|+00=  |+20f 

CH,COO  CH.CO 

As  Schall  in  1871  claimed  to  have  obtained  a  persulphide  of  an 
analogous  formula  to  that  given  to  acetyl  superoxide,  it  seems, 
reasoning  by  analogy,  that  if  diacetyl  exists  at  all  it  should  be  ob- 
tained from  pyroracemic  acid,  if  any  acid  is  to  yield  it,  according 
to  the  above  indicated  reactions. 

B.     Oxidation  in  Sulphuric  Acid  Solution. 

Experiment  1. — The  following  material  was  employed : 

Pyroracemic  acid 10  grams. 

Sulphuric  acid   (cone.) 20  cc. 

Alcohol 100  cc. 

Temperature 6o°-8o°  C. 

Time 4V1  hours. 

N.  D.1M 2 .5  amperes. 

Voltage 3  volts. 

This  experiment  was  conducted  in  an  apparatus  similar  to  that 
employed  in  the  sodium  hydroxide  solutions.    Aldehyde  ammonia 
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was  precipitated  in  the  usual  manner.    The  anode  liquid  had  the 
odor  of  acetic  ether. 

Experiment  2. — In  this  experiment  conditions  similar  to  those  in 
Experiment  1  were  observed.  The  anode  liquid  was  shaken  out 
with  ether  and  distilled  as  usual ;  the  resulting  distillate  was  of  the 
same  nature  as  those  produced  by  the  experiments  made  in  sodium 
hydroxide  solution.  This  is  a  further  proof  of  the  production  of 
acetic  acid,  as  here  we  have  the  production  of  acetic  ether  in  acid 
solution. 

Experiment  3. — The  following  conditions  were  observed : 

Pyroracemic  acid 10  gram9. 

Alcohol  •  •  •  •  • 100  cc. 

Sulphuric  acid  (cone.) •••• 25  cc. 

Temperature 500  C. 

Time 27  hours. 

N.  D.100 0.45  ampere. 

Voltage 2%  volts. 

The  thought  entertained  here  was  that  with  low  pressure  and 
density  there  was  a  possibility  of  obtaining  diacetyl  in  sulphuric 
acid  solution.  No  attempt  was  made  to  collect  the  gases.  An 
inverted  condenser  was  used  to  return  any  alcohol.  The  anode 
liquor  was  extracted  with  ether  several  times,  but  nothing  new  was 
found. 

Experiment  4. — The  conditions  in  this  experiment  were: 

Pyroracemic  acid 10  grams. 

Sulphuric  acid  (cone. ) 20  cc. 

Alcohol 100  cc. 

Time 7l/i  hours. 

Temperature 6o°  C. 

N.  D.100 1.4  amperes. 

Voltage 47s  volts. 

Lead  electrodes  were  employed.  Aldehyde  was  precipitated  by 
ammonia,  but  was  not  weighed  for  the  reasons  already  noted.  The 
anode  liquid  yielded  nothing  new. 

Experiment  5. — The  conditions  observed  here  are  similar  to 
those  under  Experiment  4,  with  the  exception  of  time  and  density. 
The  time  was  three  hours  and  N.  D.100  =  0.9  ampere.  Carbon 
electrodes  were  used.  Aldehyde  and  the  other  products  were 
obtained.     This  experiment  was  interrupted  at  the  point  when  it 
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was  supposed  that  the  aldehyde  would  begin  to  come  off,  but  such 
a  point  was  not  found. 

C.    Oxidation  in  Hydrochloric  Acid  Solution. 

Experiment  I. — The  following  conditions  were  observed : 

Pyroracemic  acid • 10  grama. 

Hydrochloric  acid  (cone.) '•  •  •  •     30  cc. 

Alcohol 100  cc 

Time 5  hours. 

Temperature 6o°-7c°  C. 

N.  D.1M 2.5  amperes. 

Voltage 5  volts. 

A  carbon  plate  was  substituted  for  the  platinum  anode  in  these 
experiments,  otherwise  they  were  conducted  as  those  which  pre- 
cede them.  Upon  the  passage  of  ammonia  gas  into  the  chilled 
ether  a  white  coloration  was  produced,  but  it  disappeared  after  a 
short  time.  This  was  probably  due  to  a  little  volatilized  hydro- 
chloric acid  gas  in  the  ether,  or  perhaps  there  was  sufficient  water 
in  the  ether  to  dissolve  it.  The  anode  liquid  was  treated  as  above, 
but  gave  nothing  other  than  what  had  been  noted  previously. 

Experiment  2. — Here  I  used: 

Pyroracemic  acid • • 20  grams. 

Hydrochloric  acid  (cone.) 60  cc 

Alcohol 150  cc 

Time 24  hours. 

Temperature - 500  C. 

N.  D.,M 0.4  ampere. 

Voltage 18  volts. 

The  anode  in  this  experiment  was  a  common  graphite  pencil 
with  the  wood  removed  at  both  ends.  My  hope  was  that  I  might 
obtain  diacetyl,  but  without  avail. 

Experiment  3. — Material  slightly  varied  again : 

Pyroracemic  acid •••• ••••• • 20 grams. 

Alcohol 100  cc. 

Hydrochloric  acid  (cone.)    - 300c. 

Temperature 400  C. 

Time 10  hours. 

N.  D.]00 1.35  amperes. 

Voltage 5  volts 

A  carbon  plate  was  used.  The  anode  liquid,  analyzed  as  before, 
revealed  nothing  new. 
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D.    Oxidation  of  Certain  Salts  of  Pyroracemic  Acid. 
The  magnesium,  sodium  and  iron  salts  were  made  with  care  and 
their  solutions  electrolyzed  with  the  hope  of  obtaining  diacetyl, 
bat  it  was  not  found. 

£.    Oxidation  in  Sodium  Carbonate  Solution. 
Experiment  1. — Here  I  used  the  following : 

Pyroracemic  add ••••• ••  10  grams. 

Time 6  hours. 

Temperature «  30°  C. 

N.  D.,*...., 1.35 amperes. 

Voltage 6  volts. 

The  pyroracemic  acid  was  dissolved  in  100  cc.  of  water  and 
neutralized  with  sodium  carbonate.  The  cathode  liquid  was  also 
a  solution  of  sodium  carbonate. 

It  was  found  that  after  a  time  the  anode  liquid  became  acid. 
The  escaping  gases  were  tested  for  carbon  dioxide  and  found  to 
contain  93  per  cent.  This  indicates  action  similar  to  that  pro- 
duced in  a  sodium  hydroxide  solution. 

Experiment  2. — Observing  that  no  diacetyl  had  as  yet  been  ob- 
tained, it  was  suggested  to  keep  the  anode  liquid  perfectly  alkaline 
by  means  of  sodium  carbonate  added  from  time  to  time ;  also  to 
keep  the  cathode  liquid  as  nearly  neutral  as  possible  by  running  a 
stream  of  carbon  dioxide  into  the  same.  With  these  precautions 
all  of  the  following  experiments  were  directed  to  the  formation  of 
diacetyl. 

Pyroracemic  acid .  •  •  so  grama. 

Time o*/,  hours. 

Temperature 30°  C. 

N.  J>.m 1.55  amperes. 

Voltage • 6  volts. 

The  pyroracemic  acid  was  dissolved  in  ioo  cc  of  water  and 
neutralized  with  sodium  carbonate.  A  small  addition  of  the  same 
was  made  every  half  hour.  The  anode  liquid  was  taken  out  and 
distilled  over  a  free  flame.  The  distillate  was  salted  out  with 
common  salt  and  redistilled.  This  procedure  gave  a  greenish  yel- 
low distillate,  with  a  color  very  like  that  of  diacetyl.  This  was 
dehydrated  over  calcium  chloride  and  distilled  again.  It  retained 
the  same  color,  but  the  odor  was  like  that  of  a  weak  solution  of  the 
pyroracemic  acid  itself,  after  being  boiled. 
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The  boiling-point  of-  diacetyl  (87°-88°  C.)  was  never  ap- 
proached in  the  distillation  of  this  substance. 

Experiment  3. — Again  I  employed  the  following: 

Pyroracemic  acid 20  grams. 

Water 100  cc. 

Time 10  hours. 

Temperature 300  C. 

N.  D.100 1.8  amperes. 

Voltage 10  volts. 

The  anode  liquor  was  acidulated  with  dilute  sulphuric  acid  and 
then  distilled ;  the  distillate  was  salted  out  as  before  and  redistilled. 
It  gave  a  greenish  yellow  distillate,  which  was  treated  according 
to  the  method  of  Pechmann.1  In  accordance  with  this,  normal 
potassium  hydroxide  was  added  to  the  solution  to  alkaline  reaction, 
but  it  did  not  become  colorless  or  a  faint  brown  as  Pechmann 
asserts.  It,  however,  became  a  light  yellow  in  color.  It  was  then 
acidulated  with  dilute  sulphuric  acid  and  extracted  several  times 
with  ether.  The  ether  was  distilled  off  and  a  yellowish  green 
substance  was  left  instead  of  a  colorless  oil  as  directed. 

The  object  of  this  treatment  was  to  form  if  possible  the  aldol  of 
diacetyl. 

Frorn  what  I  obtained  from  the  ether  extractions,  I  attempted 
to  produce  p-xyloquinone,  by  treatment  with  potassium  hydroxide, 
which  would  constitute  a  conclusive  test  for  diacetyl.  This,  how- 
ever, was  not  obtained.  The  />-xyloquinone  is  described  as  a 
golden  yellow  crystalline  compound,  crystallizing  from  alcohol  in 
needles  and  subliming  undecomposed.  No  product  of  such 
characteristics  appeared  in  the  attempted  transformations. 

Still  laboring  under  the  impression  that  possibly  that  greenish 
yellow  material  might  be  the  sought-for  substance,  several 
experiments  were  tried,  some  with  the  same  conditions  as  those 
given  above  and  others  with  conditions  slightly  different.  The 
anode  liquids  were  all  treated  as  has  been  described,  but  no  test  for 
diacetyl  revealed  its  presence. 

EXPERIMENTAL  PART  II. 

In  the  reduction  of  pyroracemic  acid  the  porous  cup  was  made 
the  cathode  chamber. 

1  Ber.  d.  chem.  Ges.,  aft,  1846. 
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A.    Reduction  in  Sodium  Hydroxide  Solution. 
Experiment  i. — The  following  material  was  employed : 

Pyroracemic  acid 5  grams. 

Alcohol 50  cc. 

Water 50  cc. 

Sodium  hydroxide 8  grams. 

Temperature Ordinary. 

Time 7  hours.  % 

N.  D.|M • •• 0.45  smpere. 

Voltage * 3Vt  volts. 

The  lactic  acid  in  the  cathode  liquid  was  estimated  according  to 
the  directions  in  Beilstein's  "Handbook"  as  follows:  It  was 
acidulated  with  dilute  sulphuric  acid  and  extracted  with  ether 
several  times.  The  ether  was  evaporated  and  the  residual  liquid 
heated  in  a  porcelain  dish  for  some  minutes  on  a  water-bath  to 
expel  any  dissolved  ether.  Lead  acetate  was  added  to  remove  any 
sulphuric  acid  present.  The  lead  sulphate  formed  was  filtered  off 
and  more  lead  acetate  added  together  with  alcoholic  ammonia 
(alcohol  90  per  cent.,  ammonia  10  per  cent.)  until  no  further  pre- 
cipitation was  noticed.  A  white,  slimy  precipitate  was  obtained, 
which,  according  to  Beilstein,  has  the  composition,  3PbO.C3H6Os. 
This  was  filtered  off,  washed  with  alcohol,  dried  at  ioo°  C,  and 
weighed.  The  same  writer  mentions  that  this  precipitate  contains 
78.5  per  cent,  lead  oxide;  therefore  there  is  21.5  per  cent,  free 
lactic  acid  contained  in  it.  The  precipitate  in  this  case  weighed 
2-595  grams,  corresponding  to  0.5579  gram  of  lactic  acid. 
According  to  the  equation 

CH.COCOOH  +  Ha  =  CH8CH(OH)COOH, 
10.91  per  cent,  of  the  theoretical  yield  was  obtained. 

Experiment  2. — Here  I  used : 

Pyroracemic  acid 5  grams. 

Alcohol 75  cc. 

Water 50  cc. 

Sodium  hydroxide •  •  •   10  grams. 

Temperature Ordinary. 

Time 5  hours. 

N.  D.|W 0.8  ampere. 

Voltage 4  volts. 

The  cathode  liquid  was  acidulated  and  treated  as  above.  The 
precipitate  weighed  6.7581  grams,  equivalent  to  1.4529  grams  of 
lactic  acid,  or  28.43  V**  cent-  °*  *e  theory. 
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Experiment  j. — The  material  was : 

Pyroncemic  acid 5  grams. 

Solium  hydroxide 8  grams. 

Alcohol 50  cc. 

Water 50  cc. 

Temperature  50°  C 

Time 6  hours. 

N.  D.m 0.7  ampere. 

Voltage 4  volts. 

The  cathode  liquid  under  the  prescribed  treatment  yielded 
3.9592  grams  of  precipitate,  corresponding  to  0.8512  gram 
lactic  acid,  equivalent  to  16.65  P*r  cent  of  theory. 

In  the  preceding  experiments  platinum  electrodes  were  em- 
ployed. 

Experiment  4. — Lead  electrodes  were  used  in  this  experiment 
with  conditions  as  follows : 

Pyroracemic  acid 20  grams. 

Sodium  hydroxide 10  grams. 

Alcohol 100  cc 

Water nocc. 

Temperature 6o°  C. 

Time 5  hours. 

N.  D.tM 0.9  ampere. 

Voltage 5-6  volts. 

The  cathode  liquid,  treated  as  usual,  gave  4.5860  grams  of  the 
lead  salt,  corresponding  to  0.9859  gram  of  lactic  acid,  equivalent  to 
9.64  per  cent,  of  theory. 

B.    Reduction  in  Sulphuric  Acid  Solution. 

Experiment  J. — Here  I  used : 

Pyroracemic  acid 10  grams. 

Alcohol •  75  cc. 

Sulphuric  acid  (cone. ) 20  cc. 

Temperature 50°  C. 

Time 21  hours. 

N.D.,m 0.45  ampere. 

Voltage 3  volts. ' 

The  cathode  liquid  was  directly  shaken  out  with  ether,  as  it  was 
an  acid  solution,  otherwise  treatment  was  the  same  as  when  work- 
ing in  an  alkaline  solution.  It  yielded  3.0499  grams  of  the  lead 
salt,  corresponding  to  0.6557  gram  of  lactic  acid,  equivalent  to  641 
per  cent,  of  the  theory. 


PYRORACEMIC  ACID.  733 

Experiment  2.— The  following  was  used : 

Pyroracemic  acid • 10  grains. 

Sulphuric  acid  (cone. ) 20  cc. 

Alcohol 75  cc. 

Temperature 300  C. 

Time 9  hours. 

N.  D.100 0.45  ampere. 

Voltage '. 3  volts. 

The  cathode  liquid  gave  7.1718  grams  of  the  lead  salt,  corre- 
sponding to  1.5417  grams  of  lactic  acid,  equivalent  to  15.08  per 
cent,  of  the  theory. 

Experiment  3. — Here  I  used : 

Pyroracemic  acid * 5  grams. 

Sulphuric  acid  (cone.) 200c. 

Alcohol 75  cc. 

Temperature 300  C. 

Time « 6  hours* 

K.  D.,M 0.6  ampere. 

Voltage 37s  volts. 

The  usual  treatment  gave  5.3731  grams  of  the  lead  salt,  corre- 
sponding to  1.1552  grams  of  lactic  acid,  equivalent  to  22.60  per 
cent,  of  the  theory. 

Experiment  4. — Here  the  following  were  used : 

Pyroracemic  acid 5  grams. 

Water 50  cc. 

Sulphuric  acid  (cone. ) 25  cc. 

Alcohol 50  cc. 

Time 6  hours. 

Temperature 35°  C. 

N.  D.1W  0.8  ampere. 

Voltage 3V5  volts. 

This  yielded  64670  grams  of  the  lead  salt,  corresponding  to 
1.3904  grams  of  lactic  acid,  equivalent  to  27.19  per  cent,  of  the 
theory.     Platinum  electrodes  were  used  in  these  experiments. 

Experiment  5. — Lead  electrodes  were  used  in  this  experiment 

with  the  following  conditions : 

Pyroracemic  acid 10  grams. 

Sulphuric  acid  (cone. ) 10  cc. 

Alcohol 100  cc. 

Temperature 500  C. 

Time 47s  hours. 

N.  D.1M 0.85  ampere. 

Voltage 5-6  volts. 
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The  yield  was  3.3203  grams  of  the  lead  salt,  corresponding  to 
07138  gram  of  lactic  acid,  equivalent  to  6.97  per  cent  of  the 
theory. 

Experiment  6. — Carbon  electrodes  were  employed  here  with  the 
following  conditions : 

Pyioiacemic  acid ••• 10  grams. 

Sulphuric  acid  (cone.) 15  cc. 

Alcohol 100  cc. 

Water 50  cc. 

Temperature 6o°  C. 

Time 41/,  hours. 

N.  D.a • 0.9  ampere. 

Voltage 3.5  volts. 

The  cathode  liquid  gave  3.7693  grams  of  the  lead  salt,  corre- 
sponding to  0.8103  gram  of  lactic  acid,  equivalent  to  7.93  per  cent 
of  the  theory. 

It  might  be  well  to  state  the  maximum  and  minimum  yields  of 
lactic  acid. 

In  alkaline  solution  under  the  conditions  of  experiment  (2)  the 
maximum  was  obtained,  under  those  of  (4),  the  minimum.  The 
figures  are  28.43  and  9-^4  per  cent,  of  the  theoretical  yields. 

In  sulphuric  acid  solution,  under  experiment  (4),  the  maximum 
27.19  per  cent.,  and  under  experiment  (1),  the  minimum,  6.41  per 
cent.,  of  the  theoretical  was  obtained. 

In  the  reduction  of  pyroracemic  acid  by  electrolytic  hydrogen,  it 
seems  natural  that  lactic  acid  should  be  the  first  product  of  the 
reduction ;  also,  that  by  further  reduction  propionic  acid  should  be 
obtained. 

The  latter,  in  my  opinion,  is  formed  at  least  in  small  quantities 
and  probably,  if  exceedingly  large  quantities  of  pyroracemic  acid 
were  clectrolyzed  and  treated  as  described,  it  would  be  found. 

Further,  it  is  noticed  in  this  part  also,  that  the  change*  in  the 
kind  of  electrodes  causes  no  marked  difference. 

As  a  final  conclusion  it  may  be  stated  that  this  study  reveals  as 
products  of  the  electrolytic  oxidation  and  reduction  of  pyroracemic 
acid — acetaldehyde,  acetic  acid,  acetic  ester,  and  lactic  acid  with 
some  probability  of  diacetyl  and  propionic  acid. 

UwivamaiTT  or  Pb^hstlvaicia. 
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THE    SIGNIFICANCE    OF    PHOSPHATES    IN    NATURAL 

WATERS. 

By  a.  G.  Woodman. 

Received  April  14.  teoe. 

The  determination  of  phosphates  in  a  drinking-water  is  a  matter 
which  has  not  received  the  attention  from  water  analysts  that  has 
been  given  to  the  estimation  of  various  other  constituents.  Any 
one  who  looks  through  the  literature  cannot  help  noticing  how  few 
are  the  published  results  of  quantitative  estimations  of  the  phos- 
phate content  of  natural  waters,  apart  from  mineral  waters.  Yet 
this  determination,  by  reason  of  the  conversion  of  organic  phos- 
phorus compounds  into  phosphates  through  the  processes  of 
decay,  is  one  which  might  reasonably  be  expected  to  throw  con- 
siderable light  on  the  question  of  the  pollution  of  natural  waters 
by  objectionable  material. 

The  reasons  for  this  dearth  ot  published  data  are  not  far  to 
seek.  To  be  of  value  the  amount  of  phosphate  must  be  known 
within  rather  narrow  limits.  Qualitative  tests  are  not  sufficient. 
The  mere  presence  of  phosphates  rs  by  no  means  definite  or  even 
confirmatory  evidence  of  organic  pollution.  Rocks  and  minerals 
containing  phosphates  are  found  nearly  everywhere  and  traces,  at 
times  even  considerable  quantities,  may  be  dissolved,  especially  by 
waters  rich  in  carbonic  acid.  This,  however,  does  not  constitute  a 
serious  objection  to  the  utility  of  the  determination.  The  same  is 
true  of  many,  if  not  most,  of  the  constituents  upon  which  reliance 
is  placed  in  judging  of  the  quality  of  a  water.  Unpolluted  waters 
often  contain  notable  amounts  of  nitrates  and  chlorides  and  a  true 
judgment  can  be  rendered  only  after  comparison  with  samples 
from  adjacent  but  unpolluted  sources. 

The  chief  reason,  however,  has  been  the  lack  of  an  accurate  and 
simple  method,  sufficiently  delicate,  find  of  enough  data  to  work 
out  a  standard  for  comparison.  It  is  even  declared,  with  some 
authority,  that  the  determination  is  entirely  worthless.  Wanklyn 
says  of  it  :l  "Much  nonsense  has  been  talked  about  phosphates  in 
drinking-water ;  and  the  fact  has  been  overlooked  that,  except  as 

*  ••  Water  Analysis,"  p.  109  (1891). 
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infinitesimal  traces,  they  cannot  exist  along  with  carbonate  of 
lime  in  a  clear  water."  And  at  a  later  date  Thresh  remarks:1 
"The  difficulty  of  detecting  phosphates,  when  silica  is  also  present, 
as  is  usually  the  case,  the  still  greater  difficulty  of  estimating  the 
quantity,  and  the  very  doubtful  value  of  the  information  when 
obtained,  has  caused  most  chemists  to  ignore  their  presence. 
Traces  may  be  found  in  wholesome  waters,  and  their  absence 
affords  no  proof  that  a  water  is  free  from  pollution,  hence  the  de- 
termination is  useless." 

That,  in  spite  of  Wanklyn's  statement  to  the  contrary,  appre- 
ciable quantities  of  phosphates  may  exist  in  natural  waters 
along  with  carbonate  of  lime,  has  been  shown  by  Hehner.1  It  is 
pointed  out  that,  theoretically,  from  the  established  solubility  of 
calcium  phosphate  a  water  may  contain  36.6  parts  of  phosphorus 
pentoxide  per  million;  and  that  water  saturated  with  carbon  di- 
oxide, a  condition  which  frequently  does  exist,  may  hold  in  solu- 
tion as  much  as  67.5  parts -of  phosphorus  pentoxide  in  a  million, 
which  is  quite  as  large  an  amount  as  is  the  case  with  several  of 
the  mineral  constituents  usually  determined.  In  an  actual  case 
cited  the  amount  of  phosphate  found  was  5.5  parts  phosphorus 
pentoxide  per  million,  and  Harvey*  found  14.7  parts  in  a  well 
water  from  the  chalk  formation. 

The  second  objection,  the  lack  of  a  simple  and  accurate  process 
of  estimation,  is  no  longer  valid  since  the  former  gravimetric 
methods,  which  were  tedious  and  introduced  the  liability  to  serious 
error  in  concentrating  large  volumes  of  water,  have  Jbeen  replaced 
by  colorimetric  methods.  The  colorimetric  processes,  which  are 
based  in  general  upon  the  reaction  with  alkali  molybdates,  as  pro- 
posed in  1880  by  J.  West-Knights4  and  later  improved  by  Lepierre* 
and  by  Jolles  and  Neurath,6  have  been  critically  studied  in  this 
laboratory7  and  the  method  finally  adopted  seems  to  solve  the 
problem  in  a  satisfactory  manner.  The  method  as  applied  to 
colorless  waters,  for  which  it  is  best  suited,  may,  for  convenience, 
be  briefly  repeated  here. 

1  "Water  Supplies,"  P- 170  (1896). 

*  Analyst.  j, 135  (1880). 

*  Ibtd.,  p.  197. 

*  Ibid.%  8, 197  (1880). 

*  Bull.  Soc.  Cksm.%  if,  i«3  (1896). 

*  Monatsk.  Chew*.,  10,  5  (1898). 

T  Woodman  and  Cayvan :  This  Journal,  aj,  96  (1901). 
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Fifty  cc.  of  the  water  and  3  cc.  of  nitric  acid  (sp.  gr.  1.07)  are 
evaporated  to  dryness  in  a  3-inch  porcelain  dish  on  a  water-bath. 
The  residue  is  heated  in  an  oven  for  two  hours  at  the  temperature 
of  boiling  water.  The  dry  residue  is  then  treated  with  50  cc.  of 
cold  distilled  water,  added  in  several  portions,  and  poured  into  the 
comparison  tube.  It  is  not  necessary  to  filter  the  solution.  Four 
cc.  of  ammonium  molybdate  (50  grams  per  liter)  and  2  cc.  of 
nitric  acid  are  added,  the  contents  of  the  tube  mixed,  and  the  color 
compared,  after  three  minutes,  with  standards  made  by  diluting 
varying  quantities  of  the  standard  phosphate  solution 
( 1  cc.  =  0.0001  gram  phosphorus  pentoxide)  to  50  cc,  and  adding 
the  reagents  as  above.  A  blank  should  always  be  made  on  the 
distilled  water  used  for  dilution,  especially  if  it  has  stood  for  any 
length  of  time  in  glass  vessels. 

The  method  as  outlined  has  been  used  on  a  number  of  waters 
from  various  sources  which  have  been  examined  from  time  to 
time  and  the  results,  together  with  the  figures  for  the  other 
important  determinations  usually  made  are  given  in  the  accompa- 
nying tables.  For  convenience  they  are  divided  roughly  into  three 
classes:  waters  which  may  fairly  be  considered  unpolluted; 
samples  of  doubtful  purity ;  waters  plainly  polluted.  This  classi- 
fication is  based  on  the  amounts  of  the  other  constituents  rather 
than  on  the  quantity  of  phosphate  in  order  to  determine  the  valu- 
ation and  limits  of  the  latter.  Table  IV  gives  the  results  of 
analysis  of  several  samples  from  the  same  general  source,  showing 
the  correspondence  of  the  various  constituents  under  varying  con- 
ditions.   The  results  are  given  in  all  cases  in  parts  per  million. 

On  examining  the  results  it  will  be  observed  that  the  amount  of 
phosphate  shows  considerable  variations  for  a  given  class  of 
waters,  which  might  indeed  well  be  expected  when  we  take  into 
consideration  the  readiness  with  which  it  is  absorbed  or  precipi- 
tated.    It  has  been  found  too,  that  it  seems  to  be  more  or  less 

■ 

dependent  upon  the  amount  of  iron,  an  instance  of  which  will  be 
found  in  No.  20  of  Table  III ;  a  part  of  the  phosphate  has  been 
removed,  no  doubt,  by  sedimentation  as  ferric  phosphate. 

In  Table  I  samples  2  and  3  had  been  standing  in  the  collecting 
bottles  for  some  time  before  being  analyzed,  which  would  have  a 
tendency  to  make  the  results  too  high.  Sample  9  is  interesting  by 
comparison  with  a  sample  from  the  same  source  (111,8)  taken 
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under  different  conditions,  as  showing  the  change  in  phosphate 
content  through  the  increase  of  organic  life. 

The  amount  of  phosphate  and  its  variation  seem  to  follow  the 
same  general  line  as  the  other  mineral  constituents  which  either 
accompany  the  polluting  material  or  are  produced  by  its  decay, 
especially  the  nitrates  and  chlorides.  It  is  not,  however,  so  deli- 
cate an  indicator  as  these.  This  correspondence  is  well  shown  in 
the  samples  in  Table  IV  and  also  in  samples  10  to  12  of  Table  III, 
where  the  increased  pollution,  as  evidenced  by  the  gradual  increase 
in  chlorine,  is  accompanied  by  increased  phosphate. 

The  results  obtained  by  the  colorimetric  method  would  seem  to 
indicate  that  the  limit  of  0.5  part  of  phosphorus  pentoxide  in  a 
million,  as  given  by  Hehner  for  unpolluted  waters,  is  rather  low. 
A  safer  amount  would  be  1.0  part,  although  the  average  would 
doubtless  be  lower  than  this. 

The  highest  amount  found  was  13.3  parts,  in  sample  19  of 
Table  III.  The  same  rather  surprising  cases  were  found  as 
noticed  by  Hehner  in  which  the  amount  of  phosphate  is  very  much 
lower  than  would  be  expected  from  the  source  of  the  water  and  the 
other  constituents  determined,  which  may  be  due  to  the  character 
of  the  soil  through  which  the  water  has  percolated.  Even  with 
all  the  drawbacks  which  are  noted  there  can  be  no  question,  in 
view  of  the  figures  given  above,  that  the  presence  of  phosphates 
in  a  water  in  any  quantity  is  significant  of  pollution,  and  the  deter- 
mination must  be  considered  as  another  link  (of  which  we  have 
none  too  many,  anyway)  in  the  chain  of  circumstantial  evidence 
by  which  we  are  often  compelled  to  judge  the  purity  of  a  water. 

MASSACHUSETTS  INSTITUTB  OF  TECHNOLOGY, 

Boston,  Mass.,  March,  1903. 
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Received  April  14,  190s. 

In  this  paper  we  describe  a  number  of  exceptions  to  the  rule 
that  the  only  halogen  compounds  which  undergo  any  material 
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conversion  into  isothiocyanate,  by  acting  on  potassium  thiocyanate 
in  benzene  or  alcoholic  solutions,  are  those  in  which  the  halogen  is 
in  direct  combination  with  a  negative  group,  as  in  the  case  of  the 
acyl  halides.1  This  rule,  until  recently,  was  supposed  to  be  general 
for  all  except  the  allyl  halides.  The  formation  of  isothiocyanates 
by  the  latter  had  already  been  ascribed  to  the  negative  character  of 
the  allyl  group.* 

The  view  that  a  strong  negative  character  favors  the 
formation  of  isothiocyanates  appears  to  be  supported  by  the 
fact  that  2,4-dinitrochlorbenzene  gives  a  normal  thiocyanate, 
C6H8(N02)2SCN,  while  24,6-trinitrobenzene  gives  an  isothio- 
cyanate, C6H,(N02),NCS.8 

In  the  first  paper4  of  this  series  it  was  shown  that  certain  more 
or  less  negative  halogen  compounds,  which  were  supposed  to  give 
isothiocyanates,  in  reality  give  nothing  but  normal  thiocyanates. 
In  the  second5  the  combined  influence  of  several  negative  groups 
together  was  considered,  and  it  was  found  that  when  two  hydrogen 
atoms  in  methyl  bromide  were  replaced  by  two  phenyl  groups 
another  exception  to  the  above  rule  resulted.  Diphenylmethyl 
bromide  was  found  to  give  an  isothiocyanate.  The  presence  of 
three  phenyl  groups,  on  the  other  hand,  and  also  of  one,  two,  or 
three  carboxyl  groups,  did  not  confer  on  the  substituted  methyl 
halide  the  property  of  forming  isothiocyanate. 

The  third  paper6  dealt  with  dirhodanides,  but  no  isothiocyanates, 
were  observed  in  these  cases. 

In  the  fourth7  a  series  of  tertiary  halides  were  examined  and 
hv.re  again  no  exceptions  to  the  above  rule  were  found. 

From  these  results,  especially  those  in  the  second  paper,  it  would 
seem  that  the  tendency  to  form  isothiocyanate  is  not  dependent  on, 
or  proportional  to,  the  negative  character  of  the  halide,  for  it 
would  seem  probable  that  triphenylmethyl  bromide  is  a  more 
negative  halide  than  diphenylmethyl  bromide,  and  di-  and  tri- 
carbethoxymethyl  bromide  more  negative  than  the  latter.  This, 
as  already  pointed  out,  is  indicated  by  comparing  the  affinity- 

*  Dixon:/.  Chan.  Soc.  (I/rodon),  75,  390  (1899): 

•  Michael:  /.  prakt.  Chem..  37,  509  (1888). 

•  Crocker:/.  Chem.  Soc.  (London),  81,  436  (190a). 

*  This  Journal,  33,  283  (1901). 

*  Am.  Chem.  /.,  a6,  34s  (*9°»)- 

•  This  Journal,  34,  439. 
'  Ibid.,  2.4,  680. 
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constants  of  acids  that  contain  these  groups.  It  must  be  re- 
marked, however,  that  Vorlander,1  in  his  interesting  paper  "Ueber 
die  Natur  der  Radicale,"  calls  attention  to  the  fact  that  this 
method  of  deciding  negative  character  can  not  be  relied  upon. 

The  work  done  in  this  laboratory  has  also  shown  that  of  the 
twenty  possible  halides  which  can  be  formed  by  substituting  the 
thre~  groups.  —  CH8,  —  CSHB,  and  —  00,0,115,  for  hydrogen  in 
methyl  bromide,  only  one  of  these,  namely,  diphenylmethyl  bro- 
mide, gives  an  isothiocyanate.  It  appears  now  that  this  r  :que 
behavior  is  general  in  the  case  of  those  substituted  methyl 
bromides  which  contain  two  aromatic  radicals. 

We  have  found  that  phenyl  -<*-  naphthylmethyl  and  di-ar-naph- 
thylmethyl  bromides  give  isothiocyanates.  Phenylparatolylmethyl 
bromide,  C6H8CHBrCeH4CHs,  from  the  carbinol  and  hydrogen 
bromide,  also  gives  an  isothiocyanate,  while,  on  the  other  hand,  the 
isomeric  halide,  parabenzyl-i'-bromtoluene,  C9HsCHsC0H4CHaBr, 
forms  a  normal  thiocyanate. 

That  the  rhodanides  are  isothiocyanates  follows  from  the  fact 
that  they  react  at  ordinary  temperature  with  amines  yielding  thio- 
ureas, and  also,  from  their  action  with  thioacetic  and  thiobenzoic 
acids,  when  carbon  disulphide  is  evolved  and  substituted  amides 
are  formed. 

The  fact  that  the  above  bromides  react  with  potassium  thiocy- 
anate, and  the  ease  with  which  the  isothiocyanates  react  with 

a 

amines  (especially  /0-naphthylamine)  to  form  difficultly  soluble 
ureas,  afford  an  easy  test  for  the  position  of  halogens  in  the 
homologies  and  analogues  of  diphenylmethane.  For  example,  on 
brominating  />-benzyltoluene  at  I30°-I35°,  and  converting  the 
product  into  rhodanide,  it  was  easy  by  means  of  /0-naphthylamine 
to  show  that  phenylparatolylmethyl  bromide  had  been  formed,  or 
in  other  words,  that  hydrogen  in  the  CHS  group  had  been  substi- 
tuted According  to  Senff1  the  corresponding  metabenzyltoluene 
is  attacked  only  in  the  CH,  group. 

Again,  if,  as  formerly  considered,  the  bromxanthenes,  bromdi- 
naphtoxanthene,  etc.,  have  the  structure  represented  by  Formula  I, 
it  might  be  expected  that  they  would  yield  isothiocyanates,  while 

»  Ann.  Ckcm.  (X4«bif  ),  390, 99  (1903). 
•  IHa\,  aao,  140  (1883). 
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according  to  the  latest  representation,1  II,  they  probably  would 
not. 

O  OBr 

/   \  /      \ 

C^H-  CWH§  CjoH,  Cl#Hf 

CHBr  CH 

I.  II. 

A  qualitative  test  with  /ff-naphthylamine,  in  fact,  after  boiling 
the  bromide  in  chloroform  with  potassium  thiocyanate,  failed  to 
give  any  evidence  of  the  formation. of  an  isothiocyanate. 

If  the  aryl  groups  are  given  Kekule's  formula,  then  the  alkyl 
halides  which  have  thus  far  been  found  to  give  isothiocyanates 
have  one  common  property.  There  is  either  a  double  bond  or  at 
least  an  unsaturated  condition  in  the  2,3-position : 

Crl2  =  CH  —  Cri2I, 

C(NO.)  =  CH  CH— CH  CH— CH 

/  \  //  %  //  % 

CH  CNO,    CH  CH         CH  CH 

^  //  \  /  \  / 

C(NOt)  —  C— CI  CH  =  C  —  CHBr  —  C  =  CH 

A  similar  condition,  nevertheless,  exists  in  24-dinitrochlor- 
benzene  and  in  I'-bromethylbenzene,  in  brommalonic  ester  and  in 
the  or- halogen  acid  derivatives,  ClCH2CO.R,  in  general;  but  none 
of  these  halides  gives  isothiocyanate.  This  would  seem  to  indi- 
cate that  a  sufficiently  negative  character  as  well  as  an  unsaturated 
condition  is  required  for  the  formation  of  isothiocyanates.  In  how 
far  this  idea  is  applicable  and  what  other  influences  are  at  work, 
cannot  be  judged  from  the  few  data  at  hand. 

EXPERIMENTAL  PART. 

Phcnylporotolyltnethylbromide,  CcH5CHBrC6H4CHll.— Phenyl- 
paratolyl  carbinol  was  heated  to  100 °  in  a  stream  of  dry  hydrogen 
bromide,  whereupon  water  was  evolved  and  the  required  increase 
in  weight  took  place.  The  product,  a  thin  red  oil,  was  then  dried 
in  a  vacuum  at  ioo°  for  analysis.     A  bromine  determination  gave : 

Calculated  for 

CuHigBr.  Pound. 

Bromine 30.65  30.40 

This  bromide  refused  to  solidify  in  a  freezing-mixture  or  on 

1  Werner:  Ber.  d.  chem.  Get.,  34,  3303  (1901);  Poase:  Comfit.  rend.%  133, 101  (xoox);  134, 
64  (i$oa). 
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standing  exposed  to  the  air  for  over  three  weeks.  No  attempt  was 
made  to  distil  the.  oil  since  diphenylmethyl  bromide  is  decomposed 
by  this  treatment  even  in  a  vacuum. 

Phenylparatolylmethylisothiocyanate,  CfH5CH  ( NCS )  C6H4CH„ 
was  obtained  by  heating  a  benzene  solution  of  the  bromide  with 
potassium  thiocyanate  for  two  days.  The  product  was  a  thin 
reddish  colored  oil,  the  vapor  of  which,  especially  when  warmed, 
had  an  irritating  action  on  the  eyes.  A  nitrogen  determination 
gave  : 

Calculated  for 

CMHMNS.  Found. 

Nitrogen 5.85  5.72 

Phenylparatolylmethylacetamide, 
C.H5(CH8CdH4)CHNHCOCH,.— Two  grams  of  the  isothio- 
cyanate, 1.5  grams  of  thioacetic  acid  and  2  volumes  of  benzene  were 
heated  somewhat  over  two  hours  on  the  steam-bath.  On  evapo- 
rating the  benzene,  carbon  disulphide  was  found  in  quantity,  and 
the  residue  taken  up  in  ether,  washed  with  alkali  and  water,  gave 
colorless,  flat,  rectangular  prisms,  on  evaporating  the  solvent. 
This  amide  is  soluble  in  hot  water  but  on  cooling  it  separates  as 
an  oil.  For  analysis  it  was  crystallized  from  ether,  whereupon  it 
melted  at  I29.5°-I3i°,  and  a  nitrogen  determination  of  the  sul- 
phur-free material  gave : 

Calculated  for 

CwHnON.  Found. 

Nitrogen 5.85  6.12 

Phenylparatolyimethylthiourea, 
C,H8(CH8CCHJCHNHCSNH2,  was  obtained  by  dissolving  the 
isothiocyanate  in  alcoholic  ammonia.     It  separated  from  alcohol  in 
clusters  or  balls  of  colorless  needles  which  melted  at  i62°-i63°  and 
gave  the  following  result  on  analysis : 

Calculated  for 
CuHx«NtS.  Found. 

Nitrogen 10.93  *l-l3 

Phenylparatolylmethylphenylthiourea, 
CeH6(CHsC€H4)CHNHCSNHC0H5.— The  isothiocyanate  reacted 
immediately   with  aniline.     The  product   formed   colorless,   flat 
prisms  from  alcohol,  which  melted  at  159°.     A  nitrogen  determi- 
nation gave: 

Calculated  for 
CtiHioNfS.  Found. 

Nitrogen 8.4  8.5 
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Phenylparatolyltnethyl-fl-naphthylthiourea, 
CeH6(CHtC.H4)CHNHCSNHC10HT,    forms    as    a    precipitate 
when  alcoholic  solutions  of  the  rhodanide  and   yS-naphthylamine 
are  mixed.    It  crystallizes  from  alcohol  in  bunches  of  slender, 
colorless  needles  melting  at  1700.   A  nitrogen  determination  gave : 

Calculated  for 
CftKaNtS.  Pound. 

Nitrogen 7.73  7.70 

The  Bromination  of  Parabenzyltoluene. — The  hydrocarbon  was 
brominated  at  130^-135°  and  the  product  was  distilled  at  11  mm. 
pressure,  whereupon  it  boiled  quite  constantly  at  i79°-i8o°.  It 
formed  a  heavy,  pale  yellow  oil.  The  amount  of  replaceable 
bromine  was  determined  by  means  of  sodium  ethylate : 

Calculated  for 
Ci4HiaBr.  Pound. 

Bromine 30.65  27.74 

The  brominated  material  was  heated  with  potassium  thiocyanate 
in  benzene  solution  for  two  days.  An  oil  was  thus  obtained  which 
responded  to  the  reduction  test  for  a  normal  thiocyanate.  .A 
nitrogen  determination  gave  5.18  per  cent,  nitrogen  instead  of 
5.85  per  cent.  An  alcoholic  solution  was  allowed  to  stand  with 
yff-naphthylamine,  and  one  with  ammonia.  In  both  cases  a  small 
amount  of  crystals  was  obtained  which  were  identical  with  the 
corresponding  ureas  described  above  from  phenylparatolylisothio- 
cyanate  prepared  from  the  carbinol.  This  shows  that  on 
brominating  benzyltoluene  a  portion  of  the  bromine  enters  the 
CHf  group. 

Phenyl-  a-naphthyltnethylbromide,  CflH„  (  ^H, )  CHBr.— Mi- 
quel1  obtained  this  bromide  by  brominating  or-benzylnaph- 
thalene,  either  hot  or  cold  or  in  carbon  disulphide  solution.  He 
found  that  it  was  a  syrup.  Our  material  was  prepared  by  bromi- 
nating the  hydrocarbon  at  I40°-I50°,  under  the  same  conditions 
as  the  crystalline  diphenylmethyl  bromide  is  obtained.1  The 
product  formed  a  dark  red  oil  which  was  dried  over  potash  for 
analysis.  The  amount  of  replaceable  bromine  was  then  determin  ?d 
by  warming  a  sample  with  sodium  ethylate : 

Calculated  for 

CtfHigBr.  Pound. 

Bromine 26.9  24.6 

»  Bull.  Soe.  Chim.  [a],  so,  4  (1876). 

*  PrledeL,  Balaohn:  Bull.  Soc.  Chim.,  33,  339. 
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Phenyl-  a -naphthylmethyliso  thiocyanate, 
C.HB(C10HT)CHNCS. — A  benzene  solution  of  the  bromide  was 
heated  for  forty-eight  hours  with  potassium  thiocyanate.  On 
filtering  and  evaporating  the  benzene  a  thick  red  oil  was  obtained 
which  deposited  nothing  solid  on  cooling.  An  attempt  to  purify  a 
portion  by  distilling  under  reduced  pressure  resulted  in  complete 
decomposition  of  the  material,  some  naphthylphenylmethane  be- 
ing obtained.  A  portion  was  treated  with  alcohol  and  sodium, 
whereupon  it  was  found  that  sodium  cyanide  and  thiocyanate 
were  formed.  This  indicates  the  presence  of  normal  thiocyanate. 
The  crude  oil  was  dried  in  a  vacuum  for  analysis  and  a  nitrogen 
determination  then  gaye: 

Calculated  for 
C»HMN8.  Found. 

Nitrogen 5.09  4.37 

When  a  portion  of  this  oil  was  allowed  to  stand  for  about  six 
months  it  solidified.  It  then  formed  small  plates,  from  petroleum 
ether,  melting  at  7&*-yy°. 

Phenyl- a-naphthylme  thy  lace  tamide, 
CeHB(C10HT)CHNHCOCH8.— Ten  grams  of  the  crude  isothio- 
cyanate,  in  benzene  solution,  were  mixed  with  2.8  grams  of  thio- 
acetic  acid  and  heated  upon  the  steam-bath  for  three  hours.  Car- 
bon disulphide  wa§  evolved  and  the  acetamide  separated  on  cooling 
the  solution.  When  crystallized  from  toluene  and  some  alcohol, 
small  needles  were  obtained  which  melted  at  about  2100.  A 
nitrogen  determination  gave: 

Calculated  for 
C19H17ON.  Pound. 

Nitrogen 5.09  5.23 

Phenyl- a-naphthylme  thytbenzatnidet 
C#H,(C10HT)CHNHCOCeH5— Ten  grams  of  the  rhodanide  were 
heated  for  an  hour  with  the  calculated  amount  of  thiobenzoic  acid. 
On  evaporating  the  benzene,  carbon  disulphide  was  found  in 
quantity  by  the  xanthate  test.  The  benzamide  was  crystallized 
from  alcohol ;  it  then  melted  at  1580  and  a  nitrogen  determination 
in  the  sulphur- free  material  gave: 

Calculated  for 

CMH19ON.  Pound. 

Nitrogen 4.15  4-" 

PhenyUa  naphthyltnethylthiourea, 
C,H5(C10H7)CHNHCSNH2.— A  solution  of  the  isothiocyanate 
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in  alcoholic  ammonia  was  obtained  and  in  a  half  hour,  radiating 
masses  of  flat  rectangular  prisms  separated.  They  were  crystal- 
lized from  alcohol  and  melted  at  I97°-I98°.  A  nitrogen  determi- 
nation gave : 

Calculated  for 

CjfHieNgS.  Pound. 

Nitrogen 9.58  9.59 

This  thiourea  is  insoluble  in  water  and  very  difficultly  soluble  in 
20  per  cent,  sodium  hydroxide. 

Phenyl-  a  -naphthylmethylmethylthiourea, 
C0H5(C10H7)CHNHCSNHCH8.— Three  grams  of  the  isothio- 
cyanate  were  dissolved  in  alcohol  and  an  excess  of  a  33  per  cent, 
solution  of  methylamine  was  added.  After  standing  some  time 
small  prisms  arranged  in  clusters  separated.  They  were  crystal- 
lized from  alcohol  and  melted  at  I75°-I76°.  A  nitrogen  determi- 
nation gave: 

Calculated  for 
CifHigNfS.  Pound. 

Nitrogen 9.1  8.8 

Phenyl-a-naphthylmethyldiethylthiourea, 
C0H5(C10H7)CHNHCSN(C2H8)2,  from  the  isothiocyanate  and 
diethylamine,  formed  clusters  of  flat  prisms  or  a  sandy  powder. 
It  melted  at  Ii2°-ii3°  and  a  nitrogen  determination  gave: 

Calculated  for 
*  CtsHfttNtS.  Pound. 

Nitrogen 8.04  8.00 

Phenyl-  a  -naphthyltnethyldiisobutylthiourea, 
CflH5(C10HT)CHNHCSN(C4H9)2,    formed   clusters   of  slender 
radiating  crystals  from  alcohol  melting  at  I42°-I43°.     A  nitrogen 
determination  gave: 

'  Calculated  for 

CaeHaNtS.  Pound. 

Nitrogen 6.93  7.22 

Phenyl- a -naphthylmethylphenylthiourea, 
C0H6(CWH7)CHNHCSNHC6H6,  formed  a  difficultly  soluble 
precipitate  when  the  constituents  were  mixed  in  benzene.  It  was 
crystallized  from  a  mixture  of  toluene  and  ethyl  benzoate,  where- 
upon colorless  prisms  melting  at  1850  were  obtained.  A  nitrogen 
determination  gave: 

Calculated  for 
CMHtoNfS.  Pound. 

Nitrogen 7.60  7.64 
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Phenyl-a-naphthylntethyltnethylphenylthiourea, 
C.H8(C10H7)CHNHCSN(CHa)CiH8,    formed    a    fine,    white 
crystalline  powder  which,  on  crystallizing  from  toluene,  melted  at 
i82°-i83°.    A  nitrogen  determination  gave : 


Calculated  for 
C^HeNtS. 


_    _  Found. 

Nitrogen 7.32  7-35 

Phenyl-a-naphthylmethylmetachlorphenylthiourea, 
CeH5(C10H7)CHNHCSNHCeH4Cl,  formed  colorless,  needle-like 
prisms  from  alcohol,  melting  at  I72°-I73°.  A  nitrogen  determina- 
tion gave : 


Calculated  for 
CftHjtNfClS. 

Nitrogen 0.95 


Pound, 
6.93 


Phenyl-a-naphthylmethylmetanitrophenylthiourea, 
CeH,(CJH0CHNHCSNHCeH4NO2,  was  difficultly  soluble  in 
alcohol  from  which  it  crystallized  in  the  form  of  light  yellow 
prisms.     It  melted  at  191  °,  and  a  nitrogen  determination  gave : 


Calculated  for 
CMH„OlNaS. 

..    IO.I7 


Pound. 
IO.IO 


Nitrogen 

Phenyl-a-naphthylmethyl-0-naphthylthiourea, 
C.Hft(C10H7)CH— NHCSNHC10H7,  gave  colorless  needles  from 
toluene  melting  at  195 °.    A  nitrogen  determination  gave: 


Calculated  for 
C»H»NfS. 

...   6.69 


Pound. 

Nitrogen • 6.69  6.52 

Phenyl-a-naphthylmethylphenylthiosemicarbazide  was  obtained 
from  the  isothiocyanate  and  phenylhydrazine  in  an  alcoholic  solu- 
tion. Thus  obtained,  it  melted  at  about  1540,  solidified,  and 
melted  then  at  I74°-I75°,  with  decomposition  and  effervescence. 
A  recrystallization  from  alcohol  gave  needles  which  melted  at 
I78°-I79°.  Evidently  we  have  to  deal  here  with  a  molecular  re- 
arrangement similar  to  that  observed  by  Busch  and  Holzmann  :l 

C,Hf  (C1#HT)CHNHCS(CiHft)N-NH,  — 
Melting-point  1540. 

C€H6(C10H.)CHNHCSNH— NHC6H6. 
Melting-point  i78°-i79°. 

An  analysis  of  the  material  crystallized  from  alcohol  gave : 


Nitrogen 

>  Bcr.  d.  chem.  Ges.t  34,  330  (1901). 


Calculated  for 
CwHnN.S. 

...    II.32 


Pound. 
II.30 


75^  HENRY  L.  WHEELER  AND  GEORGE  S.  JAMESON. 

Di-a-naphthylmethane,  (CuHf^CH,. — The  onlymethod  given 
in  Beilstein's  "Handbuch"  for  the  preparation  of  this  hydrocarbon 
is  that  of  Grabowski.1  This  method,  according  to  our  experience, 
gives  a  very  poor  yield  (4  to  6  per  cent.).  By  far  the  largest  portion 
of  the  naphthalene  in  this  process  is  converted  into  a  difficultly 
soluble  substance,  the  nature  of  which  we  did  not  stop  to  deter- 
mine. 

By  means  of  the  following  method  we  have  obtained  yields  over 
twice  as  great  as  by  the  above  and  with  much  less  trouble. 

Twenty-three  grams  of  chlormethylacetate,  CHtCOOCH,Cl,  60 
grams  of  naphthalene  and  15  grams  of  fused  zinc  chloride 
(powdered)  were  mixed  and  heated  on  the  steam-bath  until  the 
evolution  of  hydrogen  chloride  practically  ceased.  This  required 
about  three  hours.  The  product  was  then  washed  with  water, 
taken  up  with  ether,  and  dried  over  calcium  chloride.  The  ether 
was  removed  and  all  that  came  over  below  3000  was  discarded. 
From  this  point  the  distillation  was  carried  on  as  long  as  possible. 
The  product  above  300 °  was  then  distilled  at  14  mm.  pressure, 
whereupon  most  of  the  material  boiled  at  270°-272°.  It  had  a 
strong  blue  fluorescence  by  reflected  light  and  on  standing  a  few 
hours  it  solidified.  On  crystallizing  from  alcohol  7  grams  of  the 
hydrocarbon  were  obtained  melting  at  99°-ioo°. 

Dia-naphthylmethylbromide,  (C10HT)2CHBr,  was  prepared 
from  the  hydrocarbon,  obtained  by  both  of  the  above  methods,  by 
brominating  at  I3S°-I45°.  The  bromide  crystallized  from  ben- 
zene in  needle-like  prisms  which  melted  at  i8i°-i82°.  It  was  very 
soluble  in  chloroform  and  sparingly  soluble  in  ligroin.  A  bromine 
determination  gave : 

Calculated  for 

CnHiftBr.  Pound. 

Bromine 23.0  22.9 

Di-a-naphthylmethyli$othiocyanate9  (  C10H7 )  tCHNCS.  —  The 
bromide  was  boiled  in  benzene  with  potassium  thiocyanate  for 
three  days.  The  product,  an  oil,  solidified  on  standing.  It  was 
then  crystallized  from  alcohol  and  obtained  in  the  form  of  colorless 
rectangular  prisms,  which  melted  at  I24°-I25°.  A  nitrogen  de- 
termination gave : 

Calculated  for 

CnHuNS.  Pound. 

Nitrogen 4.30  4.30 

1  Ber.  d.  chem.  Get.,  7, 1605. 
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Di-a-naphthylmethylphenylth%ourea, 
(C10HT)2CH— NHCSNHC6HB,  from  the  above  rhodanide  and 
aniline,  when  crystallized  from  ethyl  benzoate,  gave  colorless 
needles  melting  at  225°-226°.    It  was  only  sparingly  soluble  in 
toluene  and  amyPacetate.    A  nitrogen  determination  gave: 

Calculated  for 
CnHtsNjS.  Pound. 

Nitrogen 6.69  6.53 

Di-a-naphthylmethylmethylphenylthiourea, 
(C10H7).»CH— NHCSN(CH8)CeH8,    from    the    isothiocyanate 
and  methyl  aniline,  crystallized  from  toluene  in  fine  colorless 
needles  melting  at  2io°-2i  1  °.    A  nitrogen  determination  gave : 

Calculated  for 
CmHmNsS.  Found. 

Nitrogen > 6.48  6.59 

Di-a-naphthylmethyl-fi-naphthyUhiourea, 
(C10H7)2CH— NHCSNHCl0H7,   separated   in   balls   of  needles 
from  the  alcoholic  solution  of  its  constituents.  «It  crystallized 
from  amyl  acetate  and  melted  at  2i8°-2l9°.    A  nitrogen  determi- 
nation gave: 

Calculated  for 

QhHmNsS.  Pound. 

Nitrogen 5.98  6.11 

The  following  rhodanides  were  examined  in  order  to  complete 
the  list  of  twenty  compounds  mentioned  in  the  introduction. 

I'-Thiocyanethylbeneene  and  Thioacetic  Acid. — This  thio- 
cyanate,  which  may  be  viewed  as  methylphenylmethyl  rhodanide, 
CH8(CeH5)CHSCN,  reacted  smoothly  with  thioacetic  acid  and  the 
product  crystallized  from  alcohol,  in  which  it  was  very  soluble,  in 
slender  yellow  prisms.  It  melted  at  99°-ioo°  and  was  soluble  in 
alkali  from  which  solutions  acids  precipitated  the  material  un- 
altered. These  properties  and  the  following  nitrogen  determina- 
tion show  that  this  substance  is  an  acetyldithiourethane,  namely, 
CHaCONHCS.SCH  ( CH8 )  C.H5. 

Calculated  for 
CnHisONSf.  Pound. 

Nitrogen • 5.85  6.16 

Isopropyl  Thiocyanate  and  Thiobenzoic  Acid. — Four  grams  of 
isopropyl  thiocyanate  and  5.4  grams  of  the  acid  were  dissolved  in 
2  volumes  of  benzene  and  heated  several  hours  on  the  steam-bath. 
On  cooling,  brilliant  yellow  plates  separated.  They  were  recrys- 
tallized  from  alcohol  and  melted  at  74°-75°.    The  material  was 
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soluble  in  alkali  and  was  reprecipitated  unaltered  by  acids.  A 
nitrogen  determination  agreed  with  the  calculated  for  benzoyldi- 
thioisopropyl  carbamate,  C6H5CONHCS.SC,HT. 

Calculated  for 
CuHi«ONS|.  Pound. 

Nitrogen •• 6.11  6.08 

These  latter  rhodanides  are  therefore  both  normal  thiocyanates. 

New  Haven,  Comr., 
April  1  a,  1902 
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REFRACTIVE    INDICES    OF    SALAD    OILS— CORRECTION 

FOR  TEMPERATURE. 

BY  I*.   M.  TOLMAN  AUD  l»  S.  MUNBON. 

Received  April  at,  igea. 

It  is  almost  always  difficult  to  obtain  exactly  a  definite  tempera- 
ture at  which  to  make  readings  of  refractive  indices.  A  method 
and  factor  for  making  exact  correction  for  this  variation  and  also 
for  making  possible  recalculations  of  determinations  made  at 
different  temperatures  is  desirable. 

Two  factors  are  ordinarily  used  in  this  country  to  make  this 
correction.  One,  0.000 1761  for  i°  C.  for  instruments  reading 
index  of  refraction  directly,  and  0.55  scale  division  for  i°C. 
for  the  Zeiss  butyrorefractometer,  which  has  an  empirical 
scale.  As  will  be  seen  later,  the  former  is  considerably  too  small, 
and  the  latter  was  determined  for  butter-fat  and  is  not  correct  for 
oils  which  have  higher  refractive  indices. 

As  the  butyrorefractometer  is  very  largely  used  in  this  country, 
special  attention  should  be  called  to  a  satisfactory  method  for  cor- 
recting its  readings  for  temperature.  It  must  be  remembered, 
however,  that  this  discussion  is  limited  to  oils,  and  to  the  very 
limited  number  of  oils  given  in  Table  III.  Other  substances  and 
oils  vary,  and  require  different  corrections  for  temperature.  This 
instrument  on  account  of  its  simplicity,  ease  of  manipulation,  and 
water  jacket  has  acquired  a  very  wide  use  but  its  empirical  scale 
with  division  of  varying  value  in  refractive  indices  makes  correc- 
tion for  temperature  difficult  and  not  exact  unless,  as  is  shown 

1  Wiley's  "Principle*  and  Practice  of  Agricultural  Analysis  "  Vol.  Ill,  p.  334. 
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later,  the  scale  readings  are  calculated  to  refractive  indices  and  the 
correction  factor  applied  to  that,  and  then  the  corrected  refractive 
index  recalculated  to  scale  division. 

Table  I1  illustrates  this  variation  of  value  of  scale  division  in 
index  of  refraction. 

Tablb  I. 

division.  Sz>.  Difference. 


O  1.4220    I 


IO  I>4500 

40  1.4524 

50  1.4593 

90  I.4840 

I0O  1.4895 


0.0080 


>  0.0069 

} 


O.OO55 


Ten  scale  divisions  from  o  to  10  equal  0.008  in  index  of  refrac- 
tion while  from  900  to  ioo°  they  equal  0.0055.  From  this  it  is 
evident  that  if,  as  shewn  from  Table  III,  the  change  in  refractive 
index  for  i°  C.  is  practically  a  constant,  then  the  change  in  scale 
division  for  i°C.  must  be  a  variable. 

Taking  from  Table  HI  the  average  change  in  refractive  index 
for  i°  C.  0.000365,  we  find  that  it  equals  046  of  a  scale  division  on 
reading  from  o  to  10  on  the  scale  and  0.66  of  a  scale  division  from 
900  to  ioo°  on  the  scale.  Therefore  on  oils  or  fats,  other  things  be- 
ing equal,  those  that  have  a  low  reading  will  have  a  lower  correc- 
tion for  temperature  in  scale  divisions  than  those  that  have  a  high 
reading.  This  is  illustrated  in  Table  II,  from  readings  made  on  a 
rape  oil. 

Tablb  II. 


Temp.  °C. 

Scale  readings. 

Change  for  i°  C.  in 
scale  division's. 

Change  for  i°  C.  in 
refractive  index. 

2.8 
21.8 

Sa.o'l   • 
705) 

O.60 

O.OOO360 

21.8 
384 

70.51 
61.0J 

o.57 

O.OOO360 

The  change  in  scale  reading  for  1  °  C.  decreases  as  the  tempera- 
ture rises  and  the  index  of  refraction  falls,  while  the  change  in 
refractive  index  is  constant. 

Tiiic  is  also  shown  in  columns  7  and  8  of  Table  III  which  give 
the  change  from  the  first  reading  to  the  second  and  from  the  sec- 
ond to  the  third.  The  higher  the  readings,  the  larger  is  the  change 
in  scale  division  for  i°  C. 

1  Wiley's  "Principles  and  Practice  of  Agricultural  Analysis,"  Vol.  Ill,  p.  34a. 
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The  oils  used  were  partly  of  known  purity  and  partly  commer- 
cial oils  which  had  been  tested  for  adulterants.  The  temperatures 
were  regulated  by  a  current  of  water  passing  through  the  instru- 
ment. As  there  are  no  compensating  prisms  the  dispersion  of  the 
oils  could  not  be  corrected  and  with  some  of  the  oils,  especially 
poppy-seed  which  has  a  high  dispersive  power,  considerable  diffi- 
culty was  encountered  in  making  an  accurate  reading. 

In  fact  with  most  of  these  oils  there  is  more  or  less  dispersion 
which  makes  an  exact  reading  impossible,  which  may  explain  the 
slight  differences  in  the  change  in  refractive  indices,  rather  than 
that  there  is  any  actual  difference.  As  the  change  in  refractive 
index  for  change  of  temperature  is  so  ifluch  more  constant  than 
the  change  in  scale  division,  it  gives  a  much  more  accurate  means 
of  correcting  the  readings  of  the  butyrorefractometei*  than  can  be 
had  by  use  of  any  factor  of  the  scale  divisions. 

The  reading  in  scale  division  can  be  calculated  into  index  of  re- 
fraction, the  proper  correction  for  temperature  made,  and  the 
index  of  refraction  obtained  recalculated  into  scale  divisions.  This 
can  be  readily  done  by  means  of  a  table  prepared  by  Winton.1 

For  corrections  for  a  few  degrees  one  may  use  the  formula 

R  =  R'  —  X(T  —  V): 

R  =  reading  corrected  to  T. 

R'  =  reading  at  T. 

T  =  desired  temperature. 

T  =  temperature  at  which  reading  was  made. 

X  =  change  in  scale  division  caused  by  a  change  of  tempera- 
ture of  i°C. 

X  =  0.55  for  butters  which  read  from  40°  to  500  on  the  scale ; 
for  oils  that  read  from  60 °  to  70°  it  equals  0.58 ;  for  oils  that  read 
from  700  to  80 °  it  equals  0.62.  Olds*  gave  the  correction  for  tem- 
perature for  olive  oil  and  sweet  almond  oil,  as  0.000364  for  1  °  C, 
which  agrees  very  exactly  with  the  results  shown  in  Table  III. 
Some  work  by  J.  H.  Long4  corroborates  these  results.  He  found 
that  the  correction  was  practically  a  constant  for  the  oils  he  exam- 
ined, but  gave  a  little  higher  correction,  0.0004.  H.  R.  Proctor,4 
in  his  work  on  the  relation  between  the  specific  gravity  and  refrac- 


1  Com*.  Bxpi.  Station  R#ort  (1900),  Pt.  a,  p.  143. 

•  WitL  A*m.t  10, 543  (1880);  I*andolt  and  BOrnsteta's  Tables,  p.  207. 

»  Am.  Oum.  /.,  10, 39*  (1889). 

*J.  Sk.  CJUm.  /«£,  17, 1033  (1896). 
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tive  index  at  different  temperatures,  has  a  large  number  of  deter- 
minations of  index  of  refraction  at  r5°  C.  and  6o°  C. 

The  following  table  of  temperature  corrections  has  been  calcu- 
lated by  the  writers  from  these  results.  Table  IV  shows  remark- 
able agreement  with  Table  III. 

Correction  for  i°  C.  in 
Oil.  refractiyc  index. 

Linseed 0.00037 

Cotton  0.00037 

Peanut 0.00037 

Corn 0.00036 

Sesame 0.00037 

Olive 0.00037 

Rape 0.00036 

From  these  results  it  would  seem  that  the  correction  for  change 
in  refractive  index  for  the  ordinary  fats  and  oils  is  very  uniform, 
about  0.000365  for  i°C. 


THE    PRODUCTION  OF  ACYLAillNES  BY  THE  INTERAC- 
TION OF  SODIUM  SALTS  OF  flONOBASIC  ACIDS 
AND  AMINE   HYDROCHLORIDES. 

By  Frbdbrick.  t,.  Duiclap. 

Recelrcd  May  13, 190s. 

During  the  course  of  some  experimental  work,  I  had  occasion 
to  try  the  action  of  sodium  acetate  on  aniline  hydrochloride. 
These  two  compounds  reacted  quite  readily  with  the  production  of 
acetanilide.  A  brief  study  of  this  type  of  reaction  was  extended 
to  analogously  constituted  bodies,  the  results  of  which  experiments 
are  given  in  this  paper.  This  reaction  was  made  use  of  with  the 
sodium  salts  of  acids  containing  both  open  and  closed  chains,  and 
with  alphyl-  as  well  as  with  arylamines. 

When  the  sodium  salt  of  the  monobasic  aliphatic  or  atomatic 
acid  is  caused  to  react,  under  the  influence  of  heat,  the  reaction 
proceeds  as  follows,  R  and  R' being  either  an  alphyl  or  aryl  residue: 
RCOONa  +  R'NH2HC1  =  R'NHCOR  +  NaCl  +  H,0. 

In  two* of  the  experiments,  conditions  were  varied  to  see  the 
effect  of  temperature  and  mass  on  the  yield  of  the  resulting 
product,  namely,  in  the  cases  where  calcium  and  sodium  acetates 
reacted  with  aniline  hydrochloride.     In  all  other  cases,  reaction 
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was  brought  about  between  molecular  quantities.  The  calcium 
acetate  mentioned  above  was  the  only  salt  other  than  a  sodium  salt 
made  use  of  in  this  work. 

No  mention  of  such  a  reaction  as  has  been  outlined  could  be 
found  in  the  literature ;  but  after  the  experiments  had  been  carried 
on  for  some  time,  it  was  found  that  this  method  had  been  the  sub- 
ject of  the  United  States  patent1  for  the  manufacture  of  acetanilide 
from  aniline  hydrochloride  and  calcium  or  sodium  acetate. 

Inasmuch  as  this  reaction  took  place  so  readily  with  the 
hydrochloride  of  the  primary  alkylamines,  which  we  look  upon  as 
salts*  of  substituted  ammonia,  there  was  every  reason  to  expect 
that  the  reaction  would  also  take  place  easily  with  ammonium 
chloride ;  and  such  was  found  to  be  the  case,  ammonium  chloride 
reacting  quite  as  readily  as  the  alkylamine  salts. 

The  reaction  between  the  hydrochlorides  of  these  primary 
alkylamines  and  the  sodium  salts  of  monobasic  acids  proceeds  as 
follows :  First,  the  splitting  off  of  sodium  chloride  with  the  for- 
mation of  free  acid  and  free  amine;  second,  the  union  of  the 
amine  and  the  acid ;  third,  the  breaking-down  of  the  salt  formed 
from  the  amine  and  the  acid,  under  the  influence  of  heat,  to  form 
the  acylamine  and  water. 

I.  RCOONa  +  R'NHfHCl  =  NaCl  +  RCOOH  +  R'NH2. 
II.  RCOOH  +  R'NH2  =  RCOONH8R'. 
HI.  RCOONH8R'  =  RCONHR'  +  H20. 
In  the  cases  where  ammonium  chloride  was  used,  R'  =  H. 

These  stages  are  made  sufficiently  clear  from  the  following 
facts:  First,  the  formation  of  free  acid  is  evidenced  by  the  re- 
action resulting  between  sodium  acetate  and  aniline  hydrochloride, 
when  these  substances  are  ground  together  in  a  mortar,  for  a 
strong  odor  of  acetic  acid  is  developed.  Then  Lorin2  has  shown 
that  when  concentrated  formic  acid  is  heated  in  the  presence  of  an- 
hydrous sodium  or  potassium  formate  at  I50°-I55°,  the  formic  acid 
decomposes  into  water  and  carbon  monoxide.  Formic  acid  alone 
decomposes  at  1600,  with  the  formation  of  hydrogen  and  carbon 
dioxide.  When  sodium  fonpate  and  aniline  hydrochloride  were 
heated  together  in  a  sealed  tube  at  1850,  no  formamide  was  pro- 
duced, but  there  was  considerable  gas  pressure  in  the  tube  on 

*  U.  S.  Patents  574.396  »*»d  574.596. 

*  JohrabertekU  (1876),  p.  515. 


760  FREDERlfcx  L.  DUNLAP. 

opening  it,  due  to  the  formic  acid  produced  by  the  reaction  under- 
going decomposition  in  one,  or  perhaps  both,  of  the  ways  indi- 
cated. 

Sodium  formate  itself  does  not  undergo  decomposition  until  it 
reaches  a  much  higher  temperature1.  Second,  if  free  acid  is  pro- 
duced by  such  reactions,  free  amine  must  also  be  produced.  The 
production  of  the  latter  was  easily  distinguished  in  some  of  the 
experiments.  The  production  of  a  free  acid,  say  acetic,  and  of  a 
free  amine,  for  example  aniline,  must  result  in  the  formation  of  a 
salt — in  this  case  aniline  acetate.  Third,  the  production  of 
acetaiiilide  from  aniline  acetate  by  means  of  heat,  is  a  well  known 
reaction. 

As  has  already  been  stated,  but  two  series  of  experiments  were 
conducted  to  see  the  effect  of  temperature  and  mass  on  the  yield  of 
the  resulting  product.  In  some  of  the  results  obtained,  the  yield 
must  have  been  very  largely  influenced  by  the  fact  that  the  mix- 
tures were  charged  into  the  sealing  tubes  in  a  perfectly  dry  condi- 
tion, thus  precluding  any  very  intimate  contact  of  reacting  masses. 
The  following  list  shows  the  mixtures  that  were  used,  and  the  re- 
sulting products : 

Product 

Sodium  acetate  and  aniline  hydrochloride Aeetanilide 

Calcium  acetate  and  aniline  hydrochloride Aeetanilide 

Sodium  acetate  and  0-toluidine  hydrochloride...  o-Acettoluide. 

Sodium  acetate  and  ammonium  chloride Acetamide. 

Sodium  benzoate  and  aniline  hydrochloride Benzanilide. 

Sodium  benzoate  and  ammonium  chloride Benzamide. 

Sodium  benzoate  and  methylamine  hydrochloride  •  Methyl  benzamide. 
Sodium  formate  and  aniline  hydrochloride 

EXPERIMENTAL  PART. 

Sodium  Acetate  and  Aniline  Hydrochloride. — I.  Molecular 
quantities  of  freshlj  fused  sodium  acetate  and  thoroughly 
dried  aniline  hydrochloride  were  heated,  by  means  of  an  oil-bath, 
in  a  flask  having  a  return  condenser.  The  dry  products  were  not 
intimately  mixed  before  being  introduced  into  the  flask.  Upon 
heating,  the  contents  of  the  flask  began  to  liquefy  and  turn  dark. 
This  mixture  was  heated  for  nearly  three  hours  at  1400,  and  the 
aeetanilide  obtained  amounted  to  38  per  cent,  of  the  theoretical 
yield. 

1  Ber.  d.  chem.  Ges.%  15, 1507  (188a). 
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II.  This  experiment  was  the  same  as  the  preceding  one,  except 
that  the  mixture  was  heated  for  seven  and  a  half  hours  on  a  steam- 
bath.     Yield  of  acetanilide,  23  per  cent,  of  the  theory. 

III.  Molecular  quantities  of  sodium  acetate  and  aniline  hydro- 
chloride were  ground  together  in  a  mortar,  in  order  to  give  an  in- 
timate mixture.  In  a  few  moments  after  the  dry  salts  began  to  be 
triturated,  the  resulting  product  became  pasty,  and  finally  semi- 
fluid. This  semi-fluid  mass,  which  smelled  strongly  of  acetic 
acid,  was  introduced  into  a  sealing  tube,  and  then  heated  for  seven 
hours  at  1200.  After  this  treatment,  the  contents  of  the  tube  were 
purple  in  color,  and  there  was  no  pressure  on  opening  the  tube. 
Yield,  54  per  cent. 

IV.  This  experiment  was  carried  out  similarly  to  the  preceding 
one,  except  that  twice  the  amount  of  sodium  acetate  was  employed. 
This  mixture  was  heated  for  three  hours  at  1650,  and  a  yield  of 
71-72  per  cent,  was  obtained. 

V.  Same  as  No.  IV,  except  that  the  temperature  was  held 
at  I20a  for  six  hours.     Yield,  65  per  cent. 

Calcium  Acetate  and  Aniline  Hydrochloride. — L  Molecular 
quantities,  intimately  mixed  in  a  mortar,  were  heated  in  a  sealed 
tube  for  five  hours  at  1970.    Yield  of  acetanilide,  58  per  cent. 

II.  Same  as  preceding  experiment,  except  that  the  temperature 
of  heating  was  1600,  while  the  duration  of  heating  was  but  four 
hours.    Yield,  same  as  in  No.  I. 

III.  Where  twice  the  amount  of  aniline  hydrochloride  was  used, 
i.  e.,  theoretically  enough  of  the  hydrochloride  to  decompose  the 
calcium  acetate,  and  the  mixture  heated  in  a  sealed  tube  for  seven 
hours  at  150°,  the  yield  of  acetanilide  was  nearly  50  per  cent. 

Sodium  Acetate  and  o-Toluidine  Hydrochloride. — Molecular 
quantities  of  these  compounds  were  ground  together  in  a  mortar 
to  mix  them  intimately.  On  grinding,  this  mass  acted  similarly 
to  the  sodium  acetate  and  aniline  hydrochloride  mixture,  i.  e., 
became  at  first  moist  and  pasty,  and  finally  semi-fluid.  This  mass 
was  then  charged  into  a  sealing  tube  and  heated  for  eight  hours  at 
3200.  There  was  no  pressure  on  opening  the  tube.  The  tube 
was  filled  with  a  crystalline  product  which  was  purified  by 
crystallization  from  benzene.  The  pure  product  melted  at  1090. 
Alt1    gives    the    melting-point    of   o-acettoluide   as    no°,    and 

>  Ann.  Cham.  (Uebig),  af*.  319  (1889). 
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Wroblewsky1  as  1070.  From  its  physical  and  chemical  properties, 
this  body  was  easily  recognized  as  0-acettoluide.  Due  to  loss  of 
mother-liquors,  no  yield  was  calculated. 

Sodium  Acetate  and  Ammonium  Chloride. — Molecular  quanti- 
ties of  these  compounds  were  ground  together  as  in  the  previous 
cases  mentioned.  During  this  process  of  grinding,  the  production 
of  free  ammonia  was  readily  detected  by  its  odor.  This  mixture 
was  heated -in  a  sealed  tube  for  five  hours  at  2400.  There  was  no 
pressure  on  opening  the  tube.  The  contents  of  the  tube  were 
partly  liquid  and  partly  solid ;  it  was  washed  out  with  alcohol,  the 
insoluble  portion  filtered  off,  and  the  alcoholic  solution  fraction.ed. 
A  yield  of  about  40  per  cent,  of  acetamide  was  obtained. 

Sodium  Bensoate  and  Aniline  Hydrochloride. — Molecular  quan- 
tities of  these  substances  were  intimately  mixed  in  the  usual 
manner.  During  the  mixing  the  mass  became  damp,  and  the  odor 
of  free  aniline  was  strongly  developed.  After  heating  in  a  sealed 
tube  for  four  hours  at  245 °,  the  product  was  dark-colored,  and  the 
tube  contained  a  crystalline  product.  After  washing  out  the  con- 
tents of  the  tube  with  cold  water,  then  treating  with  dilute  hydro- 
chloric acid,  the  residue  was  treated  with  bone-black  in  an  alco- 
holic solution  and  allowed  to  crystallize.  When  pure,  the  product 
melted  at  1600 ;  it  was  easily  identified  as  benzanilide.  Yield,  30 
per  cent. 

Sodium  Benzoate  and  Ammonium  Chloride. — Molecular  quanti- 
ties, after  mixing,  were  heated  for  eight  hours  at  2600.  The  con- 
tents of  the  tube  were  washed  thoroughly  with  small  quantities  of 
cold  water,  then  recrystallized  from  boiling  water.  This  product 
by  repeated  crystallization  could  not  have  its  melting-point  raised 
beyond  1250.  The  melting-point  of  benzamide  is  usually  given  as 
1280;  for  example,  it  is  so  given  in  Gattermann's  "Praxis  des 
organischen  Chemikers".  A  sample  of  Kahlbaum's  benzamide 
melted  at  1 25  °,  and  repeated  crystallization  would  not  raise  it  higher. 

Apropos  of  the  question  of  the  discrepancy  in  the  melting-point 
of  benzamide,  it  is  of  interest  to  note  the  effect  on  the  melting- 
point  by  the  use  of  the  two  types  of  melting-point  apparatus 
usually  employed  in  these  determinations.  These  two  types, 
which  are  fully  described  in  Gattermann's  "Praxis  des  organischen 
Chemikers,"  differ  essentially  in  the  fact  that  the  first  has  a  greater 

»  Ann  Ckem.  (UcUr),  i*S,  162  (1873). 
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or  less  portion  of  the  thermometer  enclosed  by  a  glass  tube,  the 
liquid  in  which  the  thermometer  bulb  is  placed  being  heated  with 
a  free  flame.  In  the  second  type,  moreover,  the  thermometer  stem 
is  exposed  directly  to  the  air,  the  small  beaker  in  which  the  bulb  is 
placed  being  separated  from  the  flame  by  wire  gauze.  In  the  first 
type  heat  is  conveyed  through  the  liquid  by  the  convection  cur- 
rents ;  in  the  second,  convection  currents  are  done  away  with,  as 
far  as  possible,  by  constant  agitation  with  a  hand  stirrer. 

In  the  first  type  mentioned  (a  2500  milk  glass  thermometer 
being  used)  benzamide  melts  from  three-quarters  to  one  degree 
higher  than  when  the  determination  is  made  with  the  second  type. 
The  higher  the  melting-point,  the  greater  will  be  the  discrepancy 
in  the  readings  between  these  two  types.  The  higher  reading  in 
the  first  method  is  easily  accounted  for  by  the  fact  that  the  temper- 
ature of  the  air  between  the  glass  envelope  and  the  thermometer 
is  at  a  higher  temperature  than  the  air  surrounding  the  ther- 
mometer stem  in  the  second  type.  This  must  result  in  a  higher 
reading,  and  one  that  is  therefore  nearer  to  the  corrected  melting- 
point.  The  melting-points  given -in  this,  paper  were  made  accord- 
ing to  the  second  method. 

Sodium  Benzoate  and  Methylamine  Hydrochloride. — When 
molecular  quantities  of  these  substances  were  ground  together,  the 
odor  of  methylamine  was  developed.  The  mixture  was  heated  in 
a  sealed  tube  for  twelve  hours  at  280 °,  and  on  opening  the  tube, 
while  there  was  no  pressure,  there  was  a  slight  odor  of  methyl- 
amine. The  tube  was  filled  with  a  pale  yellow  viscous  liquid  and 
some  crystals.  On  shaking  up  the  contents  of  the  tube  with  cold 
water,  this  yellow  liquid  solidified.  It  was  filtered,  dried,  dissolved 
in  ether,  and  precipitated  out  with  low  boiling  ligroln.  This 
method  of  purification  is  much  preferable  to  the  one  given  by 
van  Romburgh,1  who  purified  methylbenzamide  by  crystallizing 
from  hot  water.  The  yield  of  methylbenzamide  obtained  was 
32  per  cent,  of  the  theory  and  it  had  a  melting-point  of  78 °. 

Sodium  Forn^ate  and  Aniline  Hydrochloride. — When  these  com- 
pounds, intimately  mixed,  were  heated  in  a  sealed  tube  to  185°  for 
seven  hours  and  then  cooled,  the  tube,  on  opening,  exhibited  con- 
siderable gas  pressure  and  was  filled  with  a  dark  liquid  (aniline). 
Prom  the  contents  of  the  tube  no  formamide  wad  obtained. 


UmviMrrY  of  Michigan. 
1  Rec  trav.  ckim.  Pay*Bas,  4, 388  (1885). 
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AN  INVESTIGATION  OP  WOOD  TAR  PROil  THE  DOUGLAS 
FlRf  "PSEUbOTSUOA  TAXIPOLIA."1 

Bt  H.  O.  Byhls  and  Paul  Hopkiw*. 
R«oelT«d  May  if,  190a. 

The  Douglas  fir,  better  known  as  Oregon  Pine,  grows  only 
upon  the  humid  western  slopes  of  the  Cascade  range.  Its  great 
size  and  its  value  as  a  source  of  timber  makes  it  an  important  part 
of  the  natural  wealth  of  the  northwest.  A  number  of  attempts 
have  been  made  to  make  use  of  the  waste  products  in  the  mills  of 
this  state  but  without  very  marked  success.  -The  quantity  of 
material  destroyed  by  our  mills  is  enormous.  There  are  mills  on 
Puget  Sound  which  have  been  burning  their  waste  for  thirty  years 
and  during  all  that  time  the  fires  have  not  been  out. 

In  view  of  these  facts  and  because  of  almost  numberless  re- 
quests for  information  concerning  the  products  of  distillation  of 
fir  wood  we  decided  to  make  some  little  investigation  upon  that 
subject  in  order  to  get  data  that  would  afford  a  comparison  be- 
tween our  wood  and  that  used  in  distillation  processes  in  other 
places. 

The  Rainier  Tar  Company,  of  Seattle,  kindly  placed  at  out  dis- 
posal a  large  steel  retort  capable  of  holding  about  three-fifths  of  a 
cord  of  wood.  In  this  retort  two  carefully  regulated  runs  were 
made.  The  products  of  the  distillation  were  condensed  in  a  4-inch 
copper  worm  125  feet  in  length,  surrounded  by  cold  water.  All 
the  products  were  carefully  measured  except  the  gas,  which  was 
estimated  by  difference. 

The  material  used  in  the  distillation  was  partially  seasoned  fir 
wood  taken  fronvthe  "butt  cuts"  of  trees.  It  was  cut  into  2-foot 
lengths,  weighed,  and  placed  in  the  retort,  which  was  held  at  as 
constant  a  temperature  as  possible.  Not  having  a  pyrometer  at 
our  disposal  we  arrived  at  an  approximation  of  the  temperature 
by  means  of  small  bars  of  metals  placed  within  the  retort  so  that 
the  maximum  temperature  could  be  determined.  In  the  case  de- 
nominated "low  run"  in  the  following  discussion  at  no  time  did  the 
temperature  rise  above  420 °  C,  the  melting-point  of  zinc,  while  in 

« 

1  Puudosuga  mucronata  (Sargent's  silva). 
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the  "high  run"  the  temperature  never  exceeded  7000,  the  melting- 
point  of  aluminum. 

The  time  required  to  complete  the  distillation  of  a  charge  was 
about  twelve  hours,  and  the  quantity  used  was  about  half  a  cord 
and  weighed  2,500  pounds. 

The  results  of  these  distillations  are  as  follows : 

High  run.  I*ow  run. 

Pyroligneous  acid 34.0  47.5 

Tar 17.7  7.5 

Charcoal 29.0  30.0 

19-3  x5.o 


Total 100.0  100.0 

The  high  percentage  of  tar  in  the  high  run  was  due  to  the  fact 
that  it  contained  an  abnormal  quantity  of  water  which  in  the 
course  of  several  weeks  settled  out  gradually.  Referring  the 
weight  of  water- free  tar  to  the  wood  we  have  6.37  per  cent,  for  the 
high  run  and  6.00  for  the  low  run. 

PYROLIGNEOUS  ACID.  • 

The  pyroligneous  acid  produced  in  the  distillation  was  of  a  rich 
red  color,  that  from  the  low  run  being  slightly  the  darker.  The 
specific  gravity  of  the  low  run  was  1.025 ;  that  of  the  high  run  was 
1.020.  The  methyl  alcohol  was  determined  by  conversion  into 
methyl  iodide  by  means  of  phosphorus  tri-iodide.  The  percentages 
were:  for  the  high  run  2.95;  for  the  low  run  4.16  per  cent, 
(volume).  The  percentage  of  acetic  acid  was  determined  by 
direct  titration  and  found  to  be  2.90  per  cent,  for  the  high  run  and 
347  for  the  low  run. 

TAR. 

The  tar  was  fractionated  and  the  oil  which  distilled  below  1500, 
the  light  oil,  was  investigated  a  little  more  fully  than  the  other 
portions.  A  discussion  of  its  constituents  will  be  found  at  the 
close  of  this  article.  The  creosote  oil  boiling  between  1500  and 
2500  was  separated  and  the  residue  weighed  as  pitch. 

The  results  of  this  separation  are  as  follows : 

High  ran.  I/jw  run. 

Specific  gravity 1 .060  1 .075 

Watery  distillate  (pyroligneous  acid). ..  64.0  20.0 

Light  oil 8.0  18.0 

Creosote  oil 10.0  23.0 

Pitch 18.0  39.0 


766  H.  G.  BYBRS  AND  PAUL  HOPKINS. 

Because  of  the  great  amount  of  water  in  the  one  sample  a  more 
accurate  comparison  of  the  composition  may  be  gained  by  referring 
these  values  to  water- free  tar  as : 

High  run.  I*ow  run. 

Light  oil 22.2  22.5 

Creosote  oil 27.8  28.7 

Pitch 50.0  48.8 

The  creosote  in  the  creosote  oil  was  separated  in  the  usual  way 
and  found  to  be  17  per  cent,  of  the  oil  or  5  per  cent,  of  the  tar.  The 
percentage  of  guaiacol  in  the  creosote  was  also  determined  and 
found  to  be  about  9.5  per  cent. ;  the  method  used  was  that  given  in 
Allen's  "Commercial  Organic  Analysis,"  Vol.  II,  Part  II,  p.  284. 
The  creosote  is  almost  colorless,  has  a  smoky  aromatic  odor  and  a 
specific  gravity  of  1.065.  I*  seems  almost  identical  with  the 
product  of  beech-wood  tar.  The  pitch  from  the  tar  is  black  or 
very  dark  brown  and  resembles  closely  in  appearance  coal-tar 
pitch  but  has  not  the  same  odor  or  taste. 

Since  great  quantities  of  Stockholm  tar  are  imported  for  the 
local  market  and  it  commands  a  high  price,  it  seemed  worth  while 
to  compare  our  product  with  that  and  also  with  pine  tar.  We 
found  that  by  removing  the  water  and  a  certain  amount  of  the 
light  oil,  a  tar  could  be  obtained  which  resembles  Stockholm  tar 
very  closely.  The  color  suffers  somewhat  in  the  redistillation  yet 
the  tar  as  obtained  can  not  be  otherwise  distinguished  from  Stock- 
holm tar,  even  by  the  tests  usually  given  for  identification  of  the 
latter.1  A  fair  idea  of  the  variations  may  be  gained  from  the 
following  table: 

Pir  Ur.  Stockholm  Ur.  Pine  tar. 

_  ,  (     Black     )        (Brownish)         _ 

Color {(almost).}       {black.}        Brown- 

Odor i   .         7  .  ,.     }  Smoky.  Resinous. 

( characteristic. ) 

Consistency Sirupy.  Sirupy.  Viscid. 

Specific  gravity 1.100  1.090  i.no 

Per  cent.  Per  cent.  Per  cent. 

Light  oil-..:    3  3  5 

Creosote  oil 34  30  40 

Pyroligneous  acid 4  5  2 

Pitch 59  62  53 

Hardness  of  pitch Brittle.  Less  brittle.  Soft. 

Color  of  pitch Black.  Black.  Brown. 

1  Allen's  "  Commercial  Organic  Analysis." 
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The  light  oil  which  is  separated  from  the  tar  by  this  redistilla- 
tion has  a  specific  gravity  of  0.945  and  when  freshly  distilled 
is  of  a  clear  amber  color  but  darkens  markedly  on  standing. 

THE  CHARCOAL. 

There  was  no  attempt  made  to  distinguish  between  the  samples 
of  charcoal  made  at  the  different  temperatures.  The  quantities 
were  nearly  the  same  and  they  were  similar  in  appearance.  The 
coal  is  soft  and  retains  the  porous  structure  of  the  wood.  It  is, 
however,  remarkably  free  from  ash. 

THE  GAS. 

No  attempt  was  made  to  analyze  the  gas  given  off  in  this  distil- 
lation and  its  amount  was  determined  by  difference.  This  gas  is, 
however,  utilized  in  the  processes  of  the  refining  of  the  wood 
products.  It  is  non-illuminating  and  hence  cannot  be  used 
directly  as  an  illuminant,  except  in  Welsbach  burners,  in  which  it 
gives  an  excellent  light.  A  series  of  tests  was  made  on  this  sub- 
ject in  the  city  of  Tacoma  and  a  sample  of  the  gas  was  sent  us  for 
analysis.  The  temperature  at  which  it  was  produced  was  much 
higher  than  those  of  our  experiments  and  the  retort  was  arranged 
to  decompose  almost  totally  all  the  tar  produced.  The  results  are 
as  follows: 

Per  cent. 

Light  hydrocarbons 6.3 

Heavy  hydrocarbons 0.0 

Methane 7.3 

Carbon  monoxide 28.8 

Hydrogen 30.6 

Carbon  dioxide 12.3 

Nitrogen : 14^7 

THE  LIGHT  OIL. 

In  addition  to  the  foregoing  experiments  we  decided  to  compare 
our  light  oil  with  that  obtained  from  hard  woods  as  given  in  an 
investigation  by  G.  S.  Fraps.1 

This  was  not  fully  carried  out  by  reason  of  lack  of  time  but  a 
few  points  of  interest  were  developed.  Only  that,  portion  of  the 
oil  boiling  below  1400  was  used.  Fifteen  liters  of  the  light  oil  were 
first  fractioned  into  six  fractions — below  750 ;  7S°-90°  ;  90°-io5° ; 
I05°-I20°;   I20°-I35°;    I35°-I50°.    These  portions   were  then 

1  Am.  Chem.J.,  af,  26. 
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fractioned,  through  a  Hempel  tube,  five  times  and  the  fractions 
collected  for  every  five  degrees. 

It  was  found  that  a  small  portion  passed  over  before  50  °  was 
reached  and  indeed  a  little  before  400  but  this  is  included  in  the 
portion  40°-50°.  The  following  table  shows  the  result  of  this 
fractionation  in  percentage  of  total  oil : 


Fraction. 

Per  cent. 

400-  50° 

o.37 

50°-  55° 

O.47 

55°-  60* 

O.77 

6o°-  650 

0.55 

650-  700 

O.62 

700-  750 

O.70 

75°-  8o° 

0.57 

8o°-  850 

0.93 

850-  900 

O.94 

9o°-  95° 

I.40 

95°-ioo° 

1-37 

Fraction. 

Percent. 

I05°-IIO° 

0.87 

IIO°-II5° 

0.43 

ii5°-iao° 

O.53 

I20°-I25° 

0.40 

I25°-I30° 

o.37 

I30°-I35° 

0.002 

i35°-i4o° 

0.73 

40°-i40° 

13.68 

ioo°-io5°  0.97 

The  table  shows  five  points  of  accumulations  of  distillate  but 
they  are  not  so  marked  nor  is  the  percentage  of  oil  coming  over 
below  1400  nearly  so  great  as  in  the  oil  investigated  by  Mr.  Fraps. 
The  color  of  the  oily  distillates  varied  from  colorless  to  almost 
black  and  always  darkened  upon  standing,  but  the  change  was  not 
regular. 

solubility. 

The  solubility  of  the  fractions  was  determined  by  shaking  2  cc 
of  the  oil  in  a  graduated  pipette  with  10  cc.  of  water,  and  deter- 
mining the  loss  of  volume.    The  results  follow : 


Solubility. 

Solubility. 

Fraction. 

Per  cent. 

Fraction. 

Per  cent. 

40°-S0° 

55 

85°-90° 

30 

50°-55° 

52 

90°-95° 

27 

55°-*>° 

50 

ioo°-io5° 

20 

6o°-65» 

44 

i05°-no° 

16 

65°-7O0 

40 

iio°-ii5° 

12 

70°-75° 

35 

II5°-I20° 

12 

75°-&>° 

34 

I20°-I25° 

IO 

8o°-85° 

32 

I25°-I30° 

IO 

i3o°-i35° 

9 

i35°-Mo° 

9 

It  will  be  noticed  that  the  solubility  of  this  oil  is  greater  for  cor- 
responding fractions  than  in  the  hard  wood  oil. 
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KETONES   AND   ALDEHYDES. 

The  ketones  and  aldehydes  were  removed  from  each  fraction  by 
shaking  with  a  concentrated  solution  of  acid  sodium  sulphite, 
keeping  the  mixture  cool  during  the  reaction.  The  crystalline 
precipitates  were  filtered  by  suction  through  muslin,  and  dried. 
A  second  precipitation  with  sulphite  was  always  attempted.  As 
in  the  hard  oil,  the  precipitates  from  the  lower  fractions  were  dis- 
tinctly crystalline  and  became  more  gelatinous  with  the  higher 
fractions,  but,  curiously,  when  the  higher  fractions  were  reached, 
vis.,  from  ioo°  upward,  the  precipitates  became  crystalline  again. 
In  filtering  the  lower  fractions  a  strong  odor  as  of  acrolein  was 
developed. 

The  precipitates  contained  very  small  quantities  of  aldehydes. 
Assuming  that  half  the  weight  of  the  dried  precipitate  is  the 
volume  of  the  ketone  the  following  approximation  is  reached. 


Ketones. 

Ketones. 

Fraction. 

Per  cent. 

Fraction. 

Per  cent. 

4O°-5O0 

2.2 

95°-IOO° 

I.X 

50°-55° 

5.7 

ioo°-io5° 

I.I 

55°-6o° 

97 

io5°-iio° 

1.0 

6o°-65° 

6.3 

iro°-ii5° 

2.5 

650-70° 

2.2 

II5°-I20° 

2.2 

7o0-75° 

39 

I20°-I25° 

1-7 

75°-8o° 

2.2 

I25°-I30° 

1-4 

8o°-85° 

2.1 

I30°-I35° 

1.0 

85°-90° 

4.3 

I35°-I40° 

4.4 

9°°-95° 

1.6 

It  will  be  seen  that  while  there  is  not  nearly  so  large  a  percent- 
age of  ketones  in  the  fir  as  in  the  hard  oil  yet  there  are  marked 
accumulations  at  55°-6o°  (this  is  probably  acetone),  at  70°-75°,  at 
85°-90°,  and  at  I35°-I40°.  We  attempted  to  separate  the  ketones 
from  the  sulphite  fractions,  but  the  quantities  were  too  small  to  be 
of  use  in  further  investigation.  However,  in  the  fraction  1250- 
1300  a  test  was  made  for  mesityl  oxide  which  was  not  found  by 
Mr.  Fraps  in  the  hard  oil.  The  solution  was  distilled  with  strong 
caustic  soda  and  a  strong  odor  of  peppermint  was  developed, 
showing  the  possible  presence  of  mesityl  oxide. 

ETHEREAL  SALTS. 

The  residual  oil  after  removal  of  the  ketones  was  dried  and 
fractionated.  The  fractions  were  shaken  with  a  caustic  soda  solu- 
tion (1 :4)  for  fifteen  to  twenty  hours.    To  accomplish  this  the 
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glass-stoppered  bottles  were  fastened  to  the  face  of  a  wooden 
pulley  about  8  inches  in  diameter  which  made  nine  revolutions  per 
minute.  The  oils  were  measured  before  and  after  saponification 
and  the  loss  in  volume  was  considered  to  be  due  to  the  saponifica- 
tion of  ethereal  salts.     This  loss  was  for  each  fraction  as  follows : 


Fraction. 

Per  cent. 

Fraction. 

Per  cent. 

40°-50° 

20 

9°°-95° 

IS 

50°-55° 

23-5 

95°-ioo° 

20 

55°-*>° 

27 

ioo°-io5° 

19 

6o°-65° 

24 

io5°-iio° 

13.9 

65°-7o° 

25 

iio°-ii5° 

17.6 

7°°-75° 

25 

ri5°-i20° 

15-6 

75°-8o° 

18.5 

I2O0-I25° 

20.7 

8o°-85° 

31 

i25°-i3o° 

38.5 

85°-9o° 

15.5 

i3o°-i35° 

254 

I35°-I4o° 

27.1 

It  will  be  observed  that  there  are  marked  accumulations  at  cer- 
tain temperatures  and  also  that  there  is  no  marked  decrease  in  the 
amount  of  oil  saponified  as  the  boiling-point  of  the  fraction  rises. 
In  the  higher  boiling  fractions  a  gummy  solid  of  a  yellow  color 
was  formed,  which  while  insoluble  in  water  dissolved  easily  to  a 
purple  solution  in  nitric,  hydrochloric,  or  sulphuric  acids.  This 
color  was  not  destroyed  by  boiling  but  disappeared  on  standing 
and  on  addition  of  water.  No  attempt  to  discover  its  nature  was 
made. 

The  caustic  soda  solutions  of  the  ethereal  salts  were  distilled  to 
remove  alcohols.    No  odor  of  ammonia  was  developed. 

The  alcoholic  distillates  were  all  found  to  contain  methyl  alcohol 
by  the  test  of  Mulliken  and  Scudder.1  The  alcoholic  distillates 
were  also  treated  with  iodine  and  caustic  potash  and  always  gave 
a  decided  test  for  ethyl  alcohol. 

The  acids  were  now  freed  by  addition  of  sulphuric  acid  and 
distilled. 

The  silver  salts  precipitated  from  the  fraction  boiling  at  40°-$o0 
gave  68.74  per  cent,  silver.  Calculated  percentage  of  silver  in 
silver  formate  is  70.59;  in  silver  acetate  64.66.  The  acid  was 
therefore  probably  a  mixture  of  the  two,  since  methyl  formate 
boils  at  30.40  and  some  of  the  oil  passed  over  before  that  tempera- 
ture was  reached.    The  silver  salt  of  the  50°-5S°  fraction  gave : 

1  Am.  Ckem.  A,  34,  444. 
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Found.  Formic  add.       Acetic  acid. 

Percentage  of  silver 65.44  70.59  64.66 

This  result  we  take  to  indicate  the  presence  of  ethyl  formate 
(549°)  and  methyl  acetate  (57.30). 

The  silver  salt  from  fraction  55°-6o°  gave  64.99  Per  cent-  °* 
silver  (calculated  for  acetic  acid,  64.66).  It  hence  consisted  almost 
entirely  of  methyl  acetate  (57.30). 

The  presence  of  acetic  acid  was  also  indicated  by  qualitative 
tests  in  fraction  70°-75°.  Satisfactory  results  from  the  silver  salt 
were  not  obtained  because  of  the  small  quantity  at  our  disposal. 

The  same  statements  apply  to  fractions  75°-8o°  in  which  the 
boiling-point  and  odor  indicate  the  presence  of  methyl  propionate 

(79-5°  )• 
From  the  fraction  I02°-I05°,  by  acidifying  with  sulphuric  acid, 

an  oil  separated  which  was  by  odor  butyric  acid  and  indicates  the 

presence  of  methyl  butyrate  (102.30). 

The  investigation  was  necessarily  interrupted  at  this  point  but 
will  probably  be  taken  up  at  some  future  date. 

There  seems  to  be  enough  of  interest  in  the  wide  difference  be- 
tween this  oil  and  that  from  other  varieties  of  wood  to  warrant 
further  investigation. 

Sbattlb,  Wash., 
March  3,  1903. 


INVESTIGATION  OF  THE  OIL  OF  THE  RED  ELDERBERRY, 
"SAHBUCUS  RACEMOSA  ARBORESCENS." 

By  H.  O.  Bybrs  and  Paul  Hopkins. 

Received  May  17.  190a. 

On  the  western  slopes  of  the  Cascade  Mountains  and  on  the 
lowlands  about  Puget  Sound  grow  great  quantities  of  a  red  elder- 
berry which,  by  reason  of  its  large  size,  is  denominated  a  variety  of 
the  species  racemosa.  The  berries  are  a  bright  crimson  and  serve 
as  food  for  birds  but  because  of  an  unpleasant  odor  and  the  pres- 
ence in  them  of  a  considerable  quantity  of  a  yellow  oil  are  not  used 
by  the  people  as  food  nor  are  they  converted  into  wine. 

An  investigation  of  this  oil  was  made  with  the  following  re- 
sults. From  about  10  gallons  of  the  berries  it  was  possible  to  get 
about  500  cc.  of  the  oil  by  pressing  the  juice  from  berries  and  ex- 
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trading  with  ether  the  layer  of  crude  oil  which  rose  to  the  surface 
of  the  liquid.  The  oil  as  obtained  from  the  ether  solution  by 
spontaneous  evaporation  is  of  a  light  yellow  color  but  darkens 
markedly  on  standing  or  when  the  ether  is  evaporated  by  means  of 
a  water-bath. 

The  oil  has  a  specific  gravity  of  0.9072  at  a  temperature  of 
1 50  C.  It  solidifies  at  — 8°  and  melts  at  about  o°.  It  has  no 
definite  boiling-point  but  decomposes  when  distilled  even  at  a 
pressure  cf  20  mm.  It  proved  to  be  a  mixture  of  the  glycerides  of 
the  fatty  acids  and  contains  6.65  per  cent,  free  acid  calculated  as 
oleic  acid.  Because  of  a  marked  resemblance  to  olive  oil  a  very 
careful  determination  of  its  constants  and  composition  was  made. 

Unsaponifiable  Matter. — The  unsaponifiable  matter  of  the  oil, 
which  contained  the  characteristic  odor  of  the  oil,  formed  0.66  per 
cent,  of  the  whole.  It  crystallizes  in  light  yellow  hexagonal 
plates. 

Glycerol. — The  fats  were  saponified  and  the  glycerol  deter- 
mined, the  amount  being  11.4  per  cent. 

Fatty  Acids. — The  lead  salts  of  the  acids  were  made  and  thor- 
oughly extracted  with  ether  in  a  Soxhlet  apparatus.  The  insoluble 
residue  was  converted  into  its  barium  salt  and  crystallized  from 
alcohol  in  three  fractions.  These  fractions  gave  the  following 
results  when  their  barium  content  was  determined  as  barium 
^sulphate. 

Calculated  for 
I.  II.  III.  palmitic  acid, 

CWH*0,. 

Percentage  of  barium 21.06  21.24  20.14  21.17 

21. 11  21.21  20.13  •••• 

The  crystals  from  the  first  two  fractions  were  white  plates. 
The  third  fraction  was  discolored  by  the  impurities  of  the  mother- 
liquor.  The  oil  evidently  contains  no  saturated  fatty  acid  save 
palmitic  acid. 

The  solution  of  the  lead  salts  in  ether  was  fractionally  crystal- 
lized and  converted  into  the  barium  salt.  The  barium  salt  was 
refractionated  and  the  barium  determined  in  the  first  fraction. 

Calculated  for  oleic 
acid,  CisHnOf. 

Percentage  of  barium 19.46  '9-59 

19.38  •  •  •  • 
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The  iodine  absorption  of  the  fatty  acid  from  this  fraction  was 
also  90.6  and  89.5,  the  calculated  value  for  ohic  acid  being  90.07. 

A  number  of  fractional  precipitations  of  the  potassium  salt  of 
the  mixed  acids  were  made  from  a  weakly  ammoniacal  solution  by 
means  of  barium  chloride. 

The  iodine  numbers  of  the  free  acids  from  these  fractions  were : 


l  11.  m.  iv.  v.  vi.  vii.  viii. 
Iodine  number.  21.0  36.2  88.2  89.3  87.3  90.6  11 1.3  120.6 
Quantity  of  nit     2.0       1.2       1.5        1.0       1.0       0.8        as         2.0 

The  fatty  acid  from  VII  and  VIII  was  highly  colored  and  some- 
what impure  from  oxidation,  yet  the  results  indicate  the  presence 
of  an  acid,  probably  linoleic,  having  an  iodine  absorption  greater 
than  that  of  oleic  acid.  If  linoleic  acid,  it  is  present  to  an  extent  of 
not  less  than  7-8  per  cent. 

The  presence  of  soluble  acids  was  determined  by  the  method  of 
Muter.1  The  Reichert-Meissl  number  being  but  1.54,  thus  show- 
ing the  practical  absence  of  butyric  or  other  volatile  acid,  the 
results  of  the  titrations  were  calculated  to  an  acid  having  a 
molecular  weight  of  136,  which  is  the  mean  of  the  molecular 
weights  of  capric,  caprylic,  and  caproic  acids.  The  results  showed 
the  presence  of  2.95  per  cent,  of  these  acids. 

The  quantity  of  palmitic  and  oleic  acids  was  determined  by 
Lang's  "Modification  of  Muter's  Method".2  The  results  show 
oleic  acid  and  linoleic  acid  72  per  cent.;  palmitic  acid  21.66  per 
cent.     The  saponification  equivalent  was  found  to  be  209.3. 

The  Hehner  number  is  91.75. 

From  the  results  indicated  in  the  foregoing  discussion  the  prop- 
erties and  composition  of  the  oil  are  as  given  below.  For  con- 
venience of  comparison  the  corresponding  values  for  olive  oil  are 
given  in  parallel. 

Elderberry  oil.  Olive  oil. 

Per  cent.  Per  cent. 

Palmitin 22.0  28.0 

Olein  and  linolein 73.6-! 9"  72.0-! 93 

Caprin,  caproin  and  caprylin    3.0 
Unaaponifiable  matter 0.66 


•  ♦  •  • 


•  •  •  • 


1  Allen'*  "Commercial  Organic  Analysis,"  Vol.  II,  Part  I,  p.  189. 
*  Pharm.J.,  50,  6t. 
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Elderberry  oil.  Olive  oiL 

Specific  gravity 0.907  0.9I4-0.9I71 

Solidifying  point —8°  20 

Melting-point  of  fatty  acida 380  26° 

Saponification  equivalent 209. 3  191*7 

Iodine  number 81.44  80-82 

Hehner  number 9I*75  94- °3 

Reichert-Meissl  number 1 .54  1.50 

Per  cent.  Per  cent . 

Free  acid 6.65  8.07 

Seattle,  March  14, 1902. 


A  VOLUflETRIC  riETHOD  FOR  THE  ESTIHATION  OF  SUL- 
PHURIC ACID  IN  SOLUBLE  SULPHATES. 

By  Yasujuro  Nikaido. 

Received  September  la.  xgoi. 

The  method  is  based  on  the  following  reactions : 

(1)  K2S04  +  Pb(N08)2  =  PbS04  +  2KN03. 

(2)  2KI.+  Pb(N08)2  =  PM2  +  2KN08. 

Under  proper  conditions  it  was  found  that  lead  salts  will  not 
react  with  iodides  in  the  presence  of  sulphates  until  all  the  sul- 
phuric acid  has  been  precipitated  by  the  lead,  whereupon  the 
yellow  color  of  the  lead  iodide  becomes  visible.  It  is,  therefore, 
possible  to  use  potassium  iodide  as  an  indicator  for  the  end  reaction 
between  lead  and  sulphuric  acid. 

To  test  the  accuracy  of  the  method,  N/10  solutions  of  lead 
nitrate  and  of  potassium  sulphate  were  used.  Then  10  cc.  of  the 
potassium  sulphate  solution  were  taken,  about  0.2  gram  of  potas- 
sium iodide  added  and  the  solution  was  titratedwith  a  lead  nitrate 
solution.  It  was  found  that  on  adding  lead  nitrate,  lead  iodide 
was  first  formed,  imparting  a  yellow  color  to  the  solution.  This 
color  quickly  disappears,  owing  to  the  formation  of  lead  sulphate. 
As  soon  as  all  the  sulphuric  acid  is  precipitated  the  yellow  color 
becomes  permanent.  In  water  solutions  alone,  however,  the  re- 
action is  not  complete,  lead  sulphate  being  somewhat  soluble  in 
water  and  the  yellow  color  of  the  lead  iodide  showing  slightly, 
even  when  an  excess  of  potassium  sulphate  is  present. 

To  avoid  this,  it  was  determined  to  try  the  reaction  in  an  alco- 

»  Meyer  and  Jacobson:  •Xehrbnch,"  Vol.  I,  p.  594. 
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holic  solution,  and  for  this  purpose  another  10  cc.  of  the  potassium 
sulphate  solution  were  taken  together  with  about  0.2  gram  of 
potassium  iodide.  Alcohol  was  then  added  until  a  slight  precipi- 
tate of  potassium  sulphate  was  formed,  and  then  the  lead  nitrate 
solution  was  carefully  added.  It  was  found  that  the  color  of  lead 
iodide  appeared  just  about  when  10  cc.  of  lead  nitrate  solution  had 
been  added. 

Experiments  were  made  to  find  out  in  what  strength  of  alcohol 
the  reaction  best  takes  place.  Since  in  water  alone  it  is  impossible 
to  obtain  any  satisfactory  results,  25  per  cent,  alcohol  was  first 
used.  With  this,  it  was  also  impossible  to  obtain  good  results. 
Then  a  titration  was  made  using  35  per  cent,  alcohol,  but  still  the 
results  were  not  satisfactory.  In  40«per  cent,  alcohol  the  results 
were  fair,  but  the  reaction  took  place  very  slowly.  In  50  per  cent, 
alcohol,  the  results  were  fairly  satisfactory,  although  the  reaction 
was  still  slow.  The  results  obtained  from  the  titrations  in  60  per 
cent,  alcohol  were  satisfactory,  and  the  reaction  was  moderately 
rapid.  The  titrations  in  65  per  ceijt.  alcohol  gave  very  satisfac- 
tory results,  and  the  reaction  went  quite  rapidly  with  the  following 
results : 

N/10  N/10 

potassium  sulphate  lead  nitrate, 

solution.  solution, 

cc.  cc. 

5.0O  5.02 

IO.OO  IO.05 

II.25  II27 

I9.97  20.OI 


Average  1.00  1.0017 

The  results  from  the  titrations  in  70  per  cent,  alcohol  were  ob- 
tained in  the  same  manner  as  in  the  65  per  cent,  alcohol.  It  was 
found  at  this  point,  vis.,  with  70  per  cent,  alcohol,  or  over,  the  re- 
action began  to  go  more  slowly  and  to  become  increasingly  diffi- 
cult to  complete,  owing  to  the  insolubility  of  potassium  sulphate 
in  alcohol.  The  experiments  show  therefore  that  the  reaction  goes 
best  in  alcoholic  solutions  from  50  to  70  per  cent. 

Experiments  were  made  to  find  out  what  effect  various  acids 
have  upon  the  reaction.  It  was  found  that  no  satisfactory  results 
could  be  obtained  in  the  presence  of  free  nitric  acid,  since  it  liber- 
ates iodine  irom  potassium  iodide  and  makes  it  difficult  to  see  the 
color  of  the  end  reaction.     In  the  presence  of  hydrochloric  acid, 
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the  reaction  does  not  take  place  normally,  because  lead  iodide  is 
converted  into  a  pale  yellow  compound  (probably  a  double  halogen 
salt  of  lead)  which  is  not  decomposed  by  neutral  sulphates.  The 
same  compound  is  formed  when  a  large  quantity  of  chlorides  is 
present.  Small  quantities  of  chlorides  do  not  affect  the  titration. 
In  the  presence  of  free  acetic  acid  the  reaction  takes  place  regularly 
and  satisfactorily,  but  sodium  acetate  interferes  with  the  titration, 
owing  to  the  very  considerable  solubility  of  lead  iodide  in  sodium 
acetate.  The  titrations  were  made  also  in  the  presence  of  free 
oxalic  and  tartaric  acids.  In  the  oxalic  acid  solution  lead  was  pre- 
cipitated, but  not  in  the  tartaric  acid  solution.  In  presence  of 
potassium  tartrate,  lead  was  precipitated. 

To  determine  the  applicability  of  this  method  to  stronger  solu- 
tions of  sulphates,  a  N/2  solution  (43.47  grams  per  liter)  of 
potassium  sulphate  was  used.  Portions  of  this  solution  were 
titrated  with  an  N/2  solution  (82.5425  grams  per  liter)  of  lead 
nitrate.  It  was  found  that  in  this  case  the  titration  was  most  satis- 
factory, using  50  per  cent,  to  60  per  cent,  alcohol. 

The  results  were  as  follows : 


N/2 

potassium  sulphate 
solution. 

N/a 

lead  nitrate 

solution. 

cc. 

cc. 

IO.82 

IO.87 

20.07 

20.IO 

30.22 

30.20 

40.35 

40.30 

Average  1.00  1.00 

Having  in  the  manner  indicated  determined  the  accuracy  of  the 
method  under  the  conditions  mentioned,  its  applicability  for  the 
estimation  of  sulphuric  acid  in  other  sulphates  was  next  tried. 
The  substances  used  were  magnesium  sulphate,  zinc  sulphate,  fer- 
rous ammonium  sulphate,  copper  sulphate,  manganous  sulphate, 
ferrous  sulphate,  and  ferric  ammonium  sulphate. 

In  the  titration  with  ferrous  ammonium  sulphate  a  few  drops  of 
acetic  acid  were  added  to  prevent  the  formation  of  insoluble  basic 
compounds.  In  the  case  of  copper  sulphate  the  copper  was  pre- 
cipitated with  zinc  or  aluminum  and  the  titration  carried  out  as 
usual  after  acidifying  the  solution  with  acetic  acid  in  order  to  pre- 
vent the  formation  of  precipitates  of  basic  sulphates. 

In  the  case  of  ferric  ammonium  sulphate,  the  iron  was  precipi- 
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tated  with  potassium  hydroxide.  The  solution  and  precipitate 
were  then  transferred  to  a  graduated  flask  and  made  up  to  a  defi- 
nite volume.  The  precipitate  was  allowed  to  settle  and  an  aliquot 
part  of  the  supernatant  solution  was  taken  and  acidified  with  nitric 
acid,  evaporated  to  dryness  to  expel  free  nitric  acid,  dissolved  in 
water,  alcohol  added,  and  the  solution  titrated  with  lead  nitrate. 
The  error  due  to  the  volume  of  the  ferric  hydroxide  is  negligible 
in  an  N/10  solution  in  comparison  with  the  errors  of  titration. 
In  these  determinations,  pure  substances  which  were  obtained  by 
recrystallization,  and  with  each,  semi-normal  solutions  were  used. 
The  results  in  all  these  titrations  were  fair  and  satisfactory. 

The  following  precautions  should  be  carefully,  observed.  The 
titrations  should  never  be  made  in  warm  solutions  as  lead  iodide  is 
soluble  in  hot  water.  The  titrations  should  not  be  made  in  a  large 
volume  of  solution  as  lead  iodide  is  slightly  soluble  even  in  cold 
water. 

It  is  probable  that  the  method  is  applicable  to  all  soluble  sul- 
phates, provided : 

( 1 )  That  the  operation  is  carried  out  in  dilute  alcohol,  that  is, 
50-70  per  cent,  alcohol  in  case  a  tenth-normal  solution  of  lead  ni- 
trate is  used,  and  50-60  per  cent,  alcohol  in  case  a  semi-normal 
solution  of  lead  nitrate  is  used. 

(2)  That  nitric  acid,  hydrochloric  acid,  sodium  acetate  and 
substances  that  will  form  insoluble  compounds  with  lead  are 
avoided. 

(3)  That  in  the  case  of  colored  sulphates,  the  base  which  gives 
color  to  the  compound  is  removed  by  precipitation,  e.  g,,  in  the 
case  of  copper  sulphate,  the  copper  is  precipitated,  using  zinc  or 
aluminum ;  in  the  case  of  ferric  ammonium  sulphate,  the  iron  is 
precipitated  with  potassium  hydroxide. 

(4)  That  in  the  case  of  the  sulphates  of  the  heavy  metals,  such 
as  ferrous  sulphate,  ferrous  ammonium  sulphate,  zinc  sulphate, 
etc.,  a  few  drops  of  acetic  acid  are  added  to  prevent  the  formation 
of  basic  sulphates. 

(5)  That  the  titrations  are  made  in  small  volumes  of  cold  solu- 
tion, using  about  0.2  gram  of  the  potassium  iodide  to  each  25  cc. 
of  the  solution. 

Finally,  it  may  be  claimed  for  the  method  here  proposed,  that  its 
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accuracy,  rapidity,  ease  of  manipulation  and  general  applicability 
should  render  it  more  satisfactory  than  any  of  the  previously 
known  volumetric  methods  for  the  estimation  of  sulphuric  acid. 

The  method  may  also  be  used  for  the  estimation  of  lead  in 
soluble  compounds  of  lead  by  reversing  the  operation. 


A  PRELIMINARY  NOTE  ON  THE  OIL  OP  MILFOIL. 

By  A.  B.  Aubert. 

Received  April  30,  xooe. 

The  specimen  examined  was  distilled  by  Metzner  and  Otto,  of 
Leipzig.  It  is  of  a  dark  bluish  green  color  and  has  a  mild  and 
pleasant  odor.  Specific  gravity  at  22°  equals  0.9217.  Refractive 
index,  1.506  at  200.  It  is  soluble  in  absolute  alcohol,  ether,  xylene 
and  chloroform ;  also  in  about  6.5  volumes  of  95  per  cent,  alcohol 
with  a  slight  residue  of  brownish  colored  oil. 

It  was  distilled  under  reduced  pressure  with  the  following  re- 
sults : 
One  hundred  volumes  of  the  oil  yielded : 
7  parts  by  volume  between  I70°-I90°. 
17  parts  by  volume  between  i90°-2io°  (sp.  gr.  0.900). 
50  parts  by  volume  between  2io°-220°  (sp.  gr.  0.907). 
9  parts  by  volume  between  220°-235°  (sp.  gr.  0.936). 
3  parts  by  volume  above  235  °. 
The  residue,  constituting  14  parts,  remaining  in  the  flask  was  a 
semi-solid,  dark  olive-brown,  waxy  substance,  hardly  soluble  in 
cold  alcohol,  partly  soluble  in  boiling  alcohol,  yielding  a  dark 
yellow-brown  solution.    The  insoluble  residue  was  of  a  greenish 
brown  color,  somewhat  resembling  paraffin  in  consistency.    By 
evaporation  of  the  alcoholic  solution  a  dark  yellow-brown  pitch 
was  obtained. 

The  oil  has  a  slightly  acid  reaction. 
The  products  of  distillation  gave  the  following  reactions : 
I70°-I90°,  slightly  acid. 
i90°-2io°,  nearly  neutral. 
2io°-220°,  nearly  neutral. 
220°-235°,  slightly  acid. 
(This  distillate  contained  products  of  decomposition.) 
That  portion  distilling  between  I70°-I90°  was  tested  for  cineol, 
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with  no  very  satisfactory  results,  the  conclusion  being  that  but  a 
small  amount  of  cineol  is  present. 

The  oil  was  examined  for  aldehydic  constituents  with  sodium 
bisulphite.  A  slight  precipitate  formed  which,  upon  decomposi- 
tion with  caustic  potash,  yielded  traces  of  a  substance  having  a 
faint  odor  somewhat  similar  to  that  of  cedar  wood. 

A  test  was  made  for  acids,  but  the  quantity  present  was  too 
small  to  give  any  definite  results. 

No  sulphur  compounds  were  detected.  All  the  distillates  ex- 
hibited traces  of  blue  color.  That  portion  distilling  between  2100 
and  220°  had  a  color  very  similar  to  that  of  a  solution  of  copper 
sulphate,  while  that  coming  over  at  220°-235°  was  much  deeper  in 
color  but  of  a  greenish  blue  shade. 

The  blue  distillate  (2io°-220°)  was  redistilled,  the  greater  part 
passing  over  at  2140.  This  was  put  away  in  a  tightly  corked 
bottle  and  after  about  a  year  and  a  half  was  examined.  During 
that  time  its  color  had  become  quite  light  and  changed  to  a  yellow- 
ish green,  though  it  had  been  carefully  kept  in  darkness. 

The  ultimate  analysis  gave  the  following  results : 

011.  c.  H. 

Gran.  Gram.  Gran. 

No.    1 0.3691  0.288  0.0400 

No.  II 0.3302  0.2886  0.0406 

The  molecular  weight  determination  by  the  boiling-point 
method  gave  as  results  164.5  an<*  165,  which  would  correspond  to 
the  formula  C12H20.  The  above  determinations  were  performed 
by  Mr.  C.  D.  Holley,  M.S.,  one  of  my  former  students. 

The  rotary  power  is  — 14.20  for  100  mm.  tube.  Refractive 
index,  1492.  It  boils  at  about  254°  (uncorr.)  at  754.8  mm.  pres- 
sure, undergoing  slight  decomposition.  This  substance  exhibits 
most  of  the  reaction  of  the  terpenes. 

A  small  quantity  (5  cc.)  was  diluted  with  alcohol  and  ether  (20 
cc.  each),  kept  cool,  and  bromine  slowly  added.  The  action  was 
quite  energetic,  the  light  yellowish  green  solution  soon  changing 
to  very  dark  green. 

The  alcohol  and  ether  were  driven  off  in  a  warm  closet,  leaving 
a  greenish  black  pitchy  residue  which  continued  to  emit  hydro- 
bromic  acid  for  a  long  time.  Ten  cc.  were  diluted  with  30 
cc.  of  benzene,  kept  cool,  and  a  steady  current  of  dry  hydrochloric 
acid  gas  passed  through  for  an  hour  and  a  half.     It  was,  at 
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first,  quite  rapidly  absorbed,  the  liquid  becoming  red-purple  and 
finally  purplish  brown.  Upon  evaporation  of  the  benzene  a  dark 
brown,  viscid  liquid  remained.  A  few  drops  were  placed  upon  a 
watch-glass  and  several  scales  of  iodine  added  For  a  moment  no 
action  was  noticed.  Very  soon  however  a  violent  reaction  set  in, 
considerable  of  the  iodine  being  vaporized  thereby.  The  result 
of  the  reaction  was  a  dark,  sticky,  resinous  mass. 

The  remaining  quantity  of  the  distillate  was  so  small  that 
further  tests  had  to  be  suspended.  But  from  the  examination 
made  it  would  seem  that  the  blue  distillate  obtained  from  this 
specimen  of  the  oil  of  milfoil  is  not  identical  with  that  from  the  oil 
of  chamonile.    It  is  evidently  closely  related  to  the  terpenes. 

The  quantities  of  the  other  distillates  were  too  small  for  ex- 
tended examination. 

umtvbk8itt  of  mainb, 
Okono,  Mains. 
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Thkrmodynamique  ET  Chbmib.  Bv  P.  Duhbm.  16  x  2$  cm.  pp.  iz  + 
496.    Paris :  A.  Hermann.     1902. 

This  is  primarily  a  book  on  the  phase  rule,  written  for  the 
chemist  and  not  for  the  mathematical  physicist.  The  first  chapter 
deals  with  work  and  kinetic  energy,  the  second  with  hoat  and  in- 
ternal energy.  These  two  chapters  are  really  introductory  ther- 
modynamics. We  next  have  a  chapter  on  heat  effects  and  then 
one  on  chemical  equilibrium.  In  the  sixth  chapter  there  is  a  dis- 
cussion of  the  theorem  of  Carnot-Clausius,  and  of  the  thermody- 
namic potencial.  In  the  seventh  chapter  we  find  the  phase  rule 
outlined  and  ten  chapters  are  devoted  to  the  application  to  concrete 
cases.  The  general  order  is:  multivariant  systems,  univariant 
systems,  inversion  points,  displacement  of  equilibrium,  systems 
with  constant  boiling-  or  melting-points,  solid  solutions,  critical 
states,  dissociation  of  gases.  This  comprehensive  survey  is  fol- 
lowed by  a  chapter  on  apparent  false  equilibria  and  by  one  on  false 
equilibria  while  the  last  two  chapters  are  on  systems  with  a  non- 
uniform temperature  and  on  chemical  dynamics  and  explosions. 

While  one  must  regret  that  the  arrangement  of  material  is  so 
haphazard,  the  way  the  material  is  treated  is  excellent  and  will 
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quicken  interest  in  the  subject.  The  treatment  of  indifferent 
points  is  especially  complete  and  the  reader  will  also  get  much 
profit  from  the  chapters  on  solid  solutions.  The  cream  of  the 
book,  however,  is  to  be  found  in  the  part  on  false  equilibria  and 
that  in  spite  of  one  serious  blemish.  A  number  of  experiments  on 
false  equilibria  have  been  made  in  Duhem's  laboratory  or  under 
his  guidance  and  most  interesting  results  have  been  obtained. 
These  results  have,  however  been  called  in  question  by  Bodenstein 
who  asserts  that  experimental  error  and  a  belief  in  the  theory  have 
led  Duhem's  scholars  astray.  This  charge  has  never  been  met 
and  there  is  no  reference  to  Bodenstein  in  the  book.  This  leaves 
matters  in  a  most  unfortunate  position.  The  work  of  Pelabon, 
Helier  and  others  is  very  important,  if  correct,  but  not  so  import- 
ant otherwise.  As  matters  now  stand,  many  chemists  believe  that 
there  are  reactions  which  do  not  start  at  a  given  temperature  but 
there  are  very  few  who  believe  that  a  reaction  runs  part  way  and 
then  stops  short  of  a  true  equilibrium.  Duhem's  conception  of 
"chemical  friction"  is  a  very  valuable  one,  even  though  the  experi- 
mental data  are  not  above  suspicion.  Roloff's  work  on  the  cryo- 
hydrates  appears  to  have  been  overlooked. 

Wilder  D.  Bancroft. 

Rbfrigbration,  Cold  Storage,  and  Icb-Making.  By  A.  J.  Walus- 
Taylor,  C.E.  London  :  Lockwood  &  Son ;  New  York.  D.  Van  No§- 
trand  Co.    Price,  $4.50  net. 

This  practical  treatise  on  the  art  and  science  of  refrigeration  is 
based  on  and  embodies  to  a  large  extent  the  personal  experience  of 
the  author.  English  methods  and  processes  are  most  fully  de- 
scribed. The  whole  subject  is  handled  in  a  capable  manner  and 
the  treatise  will  be  found  of  service  to  teacher  and  student,  and 
mainly  to  the  technical  engineer  and  those  actually  engaged  in  the 
various  industries  using  refrigeration.  The  chemistry  of  refrig- 
eration is  only  very  superficially  mentioned. 

In  an  interesting  table  of  the  principal  freezing  mixtures,  the 
author  gives  the  reduction  of  temperature  for  a  mixture  of  snow  3 
to  potassium  4  (?)  as  the  maximum,  320  F.  to  *— 51  °  F.  The 
lowest  temperature  obtainable  by  such  mixtures  is  for  snow 
8  to  dilute  sulphuric  acid  10  from  — 68°  to  — 91  °  F.,  the  materials 
themselves  having  been  previously  cooled.  The  subject-matter  is 
classified  under  five  principal  heads : 
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I.  The  chemical  processes,  wherein  the  more  or  less  rapid  disso- 
lution or  liquefaction  of  solids  is  used  to  abstract  heat. 

II.  The  vacuum  systems,  wherein  the  abstraction  of  heat  is  pro- 
duced by  a  partial  evaporation  of  the  substance,  with  the  use  of 
mechanical  devices,  such  as  pumps,  etc. 

III.  The  compression  processes,  wherein  the  abstraction  of  heat 
is  effected  by  mechanical  compression  and  the  cooling  of  a  separate 
agent,  more  or  less  volatile. 

IV.  The  absorption  system,  wherein  the  abstraction  is  indirect, 
effected  by  direct  heat  on  a  separate  agent,  more  or  less  volatile, 
which  enters  into  solution  with  a  liquid. 

V.  The  cold  air  methods,  wherein  air  or  gases  are  compressed 
and  cooled,  and  expansion  takes  place  while  doing  worlc,  an  appli- 
cation of  heat  to  ultimately  produce  cold. 

The  first  ten  chapters  of  the  treatise,  some  200  pages,  are  de- 
voted to  the  description  of  these  processes,  and  the  other  eleven 
chapters,  300  pages,  being  taken  up  with  the  application  of  these 
processes  to  refrigeration,  classed  under  the  following  chapters: 
Cocks,  Valves,  Pipe- Joints  and  Unions;  Refrigeration  and  Cold 
Storage;  Marine  Refrigeration;  Ice-Making;  The  Management 
and  Testing  of  Refrigeration  Machinery;  Cost  of  Working;  Pro- 
duction of  Very  Low  Temperatures.  The  sub-division  of  the 
chapter  on  Manufacturing,  Industrial  and  Constructional  Applica- 
tions gives  a  very  good  idea  of  the  whole  character  of  this  treatise; 
viz.,  chocolate  manufacture,  breweries,  paraffin  works,  artificial 
butter  manufactories,  dairies,  dynamite  factories,  manufactories  of 
photographic  accessories,  wine  growers'  and  wine  merchants' 
establishments,  distilleries,  sugar  factories  and  refineries,  chemical 
works,  India  rubber  works,  glue  works,  tea  factories,  and  others, 
also  manufacturing  and  industrial  applications,  tunnelling,  sinking 
shafts,  laying  foundations,  etc. 

The  book  is  profusely  illustrated  with  some  300  wood  cuts  de- 
scriptive of  processes  and  plants.  The  table  of  contents  and  index 
are  complete.  An  appendix  of  useful  tables  and  memoranda,  and 
list  of  illustrations  will  be  found  of  service.  The  book  is  com- 
paratively free  from  errors.  The  use  of  the  metric  system  in 
place  of  English  weights  and  measures,  and  of  the  centigrade  scale 
in  place  of  the  Fahrenheit,  would  be  an  improvement.  The  author 
has  made  free  use  of  the  literature  on  the  subject,  inclusive  of 
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1901,  relying  for  his  American  data  on  this  completely.  Full 
credit  is  given  to  others.  The  reluctance  must  be  commended 
with  which  the  author  abstains  from  giving  undue  or  special  credit 
to  any  special  process  or  machinery,  thereby  advertising  same. 

The  treatise  can  be  recommended  as  a  useful  and  up-to-date 
description  of  the  processes  of  refrigeration  and  their  application 
to  the  arts.  Edward  Gudeman. 

Modern  Chemistry,  with  Its  Practical  Applications.  By  Predus 
N.  PETERS,  A.M.,  Instructor  in  Chemistry  in  Central  High  School, 
Kansas  City,  Mo.    New  York  :  Maynard,  Merrill  &  Co.     1901. 

This  text-book  is  intended  to  be  used  in  secondary  schools.  As 
stated  in  the  preface  the  author  has  endeavored  to  avoid  giving  too 
great  a  number  of  facts,  to  omit  what  can  nevef  be  of  interest  or 
value  to  beginners  and  has  tried  to  show,  wherever  possible,  the 
practical  applications  of  the  science  to  every-day  life  and  has 
emphasized  industrial  and  commercial  processes.  At  the  same 
time  the  fundamental  principles  of  the  science  have  not  been  for- 
gotten and  due  attention  has  been  given  to  these. 

On  the  whole  the  author  has  succeeded  very  well  and  this  book 
is  much  superior  to  many  that  are  now  in  use.  After  two  intro- 
ductory chapters,  one  on  chemical  and  physical  changes  and  the 
other  on  valence,  which  it  would  have  been  better  to  put  later  or 
omit  altogether,  he  begins  with  water  and  then  takes  up  hydrogen 
and  oxygen.  This  is  followed  by  nitrogen,  the  atmosphere,  the 
halogen  elements  and  carbon  and  a  few  of  its  simpler  compounds. 
Then  follows  a  chapter  on  the  laws  of  definite  and  multiple  pro- 
portions and  combining  weights.  Sulphur,  silicon  and  phos- 
phorus are  then  considered  after  which  a  chapter  is  given  up  to 
Avogadro's  law  and  atomic  weights.  Before  considering  the 
metals  a  very  brief  mention  is  made  of  the  periodic  law.  The  sub- 
jects are  everywhere  treated  very  briefly  and  concisely  and  the 
references  to  commercial  processes  are  very  elementary.  The  ap- 
pendix contains  directions  for  the  qualitative  analysis  of  simple 
substances. 

There  are  a  few  errors  which  no  doubt  will  be  corrected  in  the 
next  edition.  Thus  for  example  on  page  147  the  name  ethane  is 
given  to  olefiant  gas.  On  page  224  plaster  of  Paris  is  referred  to 
as  anhydrous  calcium  sulphate.  On  page  226  the  statement  is 
made  that  the  hardness  of  water  is  either  "temporary  or  perma- 
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nent  according  as  it  can  be  removed  by  boiling  or  adding  ammonia 
or  not  at  all."  It  would  have  been  well  in  this  connection  to  have 
explained  to  the  student  how  permanent  hardness  can  be  removed. 
On  page  236  the  explosive  copper  acetylide  is  given  the  formula 
CuCj  instead  of  Cu*C2.    The  cut  on  page  290  should  be  omitted. 

Taken  as  a  whole  the  book  is  to  be  commended,  and  it  will  un- 
doubtedly find  an  extended  use  in  high  schools  and  academies. 

Edward  H.  Keiser. 
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STUDIES  IN  DENITRIFICATION. 

Br  B.  B.  Vookhms. 
R«ori«fd  April  i«.  ifaa. 

PARTI. 

Since  the  beginning  of  these  experiments  in  the  early  summer 
of  1898,  many  contributions  have  been  made  toward  the  better 
understanding  of  the  various  problems  of  plant  nutrition.  Among 
these,  the  nitrogen  question  has  been  receiving  the  attention  of 
many  investigators,  and  it  has  been  examined  from  the  different 
standpoints  of  the  soil  chemist,  the  soil  physicist,  and  the  soil 
bacteriologist.  Much  time  and  ingenuity  have  been  devoted  to 
the  clearing-up  of  that  phase  of  the  nitrogen  question  known  as 
"denitrification" — the  destruction  of  the  nitrates  and  the  setting 
free  of  gaseous  nitrogen.  That  deoxidation  of  combined  nitrogen 
is  liable  to  take  place,  and  actually  does  take  place  in  anaerobic 
fermentation,  has  been  known  for  years,  but  the  question  assumed 
more  than  a  mere  scientific  interest,  since  the  emphatic  declaration 
of  Wagner1  that  applications  of  cow  or  horse  manure  to  the  soil 
are  often  not  only  unprofitable,  but  harmful ;  that,  when  applied 
together  with  the  nitrates,  they  cause,  by  virtue  of  the  micro- 
organisms contained  in  them,  the  destruction  of  the  nitrates. 
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More  than  that,  the  baneful  effects  do  not  stop  here,  for  the 
nitrates  as  they  are  gradually  formed  from  the  organic  matter  of 
the  soil  are  also  attacked  by  the  denitrifying  bacteria,  and  their 
nitrogen  is  set  free.  In  a  word,  then,  the  animal  manure  applied 
is  not  only  useless  of  itself,  but  is  harmful  because  of  its  destruc- 
tive effects  on  the  oxidized  nitrogen  derived  from  other  sources. 

It  is  quite  apparent  that  the  interests  involved  are  of  great 
moment,  that  Wagner's  theory  if  it  be  borne  out  by  practical  ex- 
perience vitally  concerns  the  man  of  science,  the  practical  farmer, 
and  the  world  at  large.  It  was  in  the  hope  of  contributing  some- 
thing to  the  knowledge  of  the  subject  that  these  experiments  were 
planned.    The  scope  of  the  work  included  the  study  of : 

I.  The  composition  of  the  solid  and  liquid  portions  of  cow 

manure,  fresh. 
II.  The  composition  of  the  solid  and  of  the  solid  and  liquid 
portions  of  cow  manure,  leached. 

III.  The  availability  of  the  nitrogen  in  the  solid  and  ih  the  solid 

and  liquid  portions  of  cow  manure,  fresh. 

IV.  The  availability  of  the  nitrogen  in  the  solid  and  in  the  solid 

and  liquid  portions  of  cow  manure,  leached. 
V.  The  relative  availability  of  the  nitrogen  in  the  form  of  ni- 
trate, of  ammonia  and  of  organic  matter  in  dried  blood. 
VI.  The  effect  of  the  use  of  the  solid  and  of  the  solid  and  liquid 
portions  of  cow  manure,  fresh  and  leached,  with  nitrogen 
in  the  form  of  nitrate,  of  ammonia,  and  of  organic 
matter. 

DESCRIPTION  OF  THE  EXPERIMENTAL  PLANT. 

In  order  that  the  conditions  of  the  experiment  might  conform 
as  nearly  as  possible  to  those  in  actual  practice,  what  is  known  as 
the  "cylinder  method"  was  adopted. 

The  cylinders  were  made  of  galvanized  iron,  23.5  inches  in 
diameter  and  4  feet  long,  and  were  painted  inside  and  out,  to 
retard  corrosion.  The  area  of  soil  surface  thus  exposed  was, 
therefore,  3  square  feet,  and  its  depth  was  such  that  the  roots 
of  the  crop  would  be  practically  prevented  from  obtaining  food 
other  than  that  contained  within  the  cylinders.  In  order  that  the 
conditions  for  each  cylinder  might  be  uniform,  the  surface  soil  was 
first  removed  entirely,  and  the  subsoil,  a  mixture  of  clay  and  sand, 
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which  was  taken- from  the  holes,  was  thoroughly  mixed.  The  same 
weight  of  subsoil  was  then  placed  in  each  one,  and  thoroughly 
packed  and  brought  to  a  uniform  height,-  so  as  to  permit  of  the 
addition  of  8  inches  of  surface  soil ;  120  cylinders  were  used,  di- 
vided into  two  groups  of  60  each.  Thus  in  each  group  there  were 
20  series  of  three  each,  A,  B  and  C,  enabling  a  triplication  of 
crops  in  each  case. 

Diagram  of  Experiment. 
««*»•  a.  a         c. 

1.  Check OOO 

2.  Minerals OOO 

3.  Manure,  solid,  fresh OOO 

4.  Manure,  solid  and  liquid,  fresh OOO 

5.  Manure,  solid,  leached O         O         O 

6.  Manure,  solid  and  liquid,  leached O         O         O 

7.  Nitrate,  5  grams O  O  O 

8.  Nitrate,  10  grants O  O  O 

9.  Manure,  solid,  fresh  ;  nitrate,  5  grams O  O  O 

ia  Manure,  solid,  fresh  ;  nitrate,  10  grams O  O  O 

11.  Manure,  solid  and  liquid,  fresh  ;  nitrate,  5  grams..  OOO 

12.  Manure,  solid  and  liquid, fresh  ;  nitrate,  10  grams..  OOO 

13.  Manure,  solid,  leached  ;  nitrate,  5  grams O  O  O 

14.  Manure,  solid,  leached;  nitrate,  10  grams O  O  O 

15.  Manure,  solid  and  liquid,  leached;  nitrate,  5  grams.  OOO 

16.  Manure,  solid  and  liquid,  leached  ;  nitrate,  ic  grams  OOO 

17.  Ammonium  sulphate OOO 

18.  Dried  blood OOO 

19.  Manure,  solid,  leached  ;  ammonium  sulphate O  O  O 

20.  Manure,  solid,  leached  ;  dried  blood O  O  O 

SURFACE  SOIL. 

The  surface  soil  for  each  group  was  selected  to  conform  to  two 
general  standards — first,  a  medium  clay,  suitable  for  the  cereals 
and  grass  crops,  and  second,  a  prepared  sandy  loam,  suitable  for 
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the  various  market-garden  crops.  The  medium  clay  loam  was 
obtained  in  the  neighborhood  of  the  Station  from  a  field  in  which 
no  crops  had  been  grown  for  twenty  years  or  more,  and  upon 
which  no  manure  had  been  applied  within  the  knowledge  of  those 
familiar  with  the  land  for  a  longer  time.  It  was  practically 
barren.  The  soil,  however,  was  sifted,  thus  removing  all  stones 
and  large  lumps,  as  well  as  practically  all  vegetable  matter.  It 
was  thoroughly  mixed  and  a  definite  and  equal  weight  placed  to 
the  depth  of  8  inches  upon  the  subsoil  in  each  cylinder  constituting 
Group  I.  The  sandy  loam  was  prepared  by  adding  to  the  medium 
clay  soil,  already  described,  one-half  its  weight  of  sand,  also  ob- 
tained in  the  neighborhood,  free  from  organic  matter  and  prac- 
tically free  from  any  available  mineral  substances. 

The  soils  for  both  cylinders  were  mixed  with  sufficient  lime  to 
supply  any  needed  requirement,  as  well  as  to  neutralize  acidity, 
and,  with  the  exception  of  Series  i,  all  of  the  cylinders  received  a 
uniform  application  of  the  minerals  in  the  form  of  acid  phosphate 
and  muriate  of  potash,  equivalent  to  50  pounds  of  phosphoric  acid 
and  75  pounds  of  actual  potash  per  acre,  which  was  believed  to  be 
sufficient  to  meet  needed  requirements.  For  the  manures,  the 
applications  were  greater  than  is  usually  the  case  in  practice,  but 
not  so  great  as  to  be  impracticable.  The  largest  application  would 
be  equivalent  to  about  20  tons  to  the  acre,  an  amount  often  ex- 
ceeded in  practice. 

In  the  case  of  the  nitrogen  in  artificial  forms,  the  nitrates  only 
were  applied  in  two  different  quantities,  in  the  one  case  5  grams 
per  cylinder,  equivalent  to  160  pounds  per  acre,  which  may  be  re- 
garded as  medium,  and  in  the  second,  10  grams  per  cylinder, 
equivalent  to  320  pounds  per  acre,  or  a  large  application.  This 
was  done  in  order  that  the  effect  of  denitrification,  if  any,  might  be 
more  fully  studied.  In  the  case  of  the  ammonia  and  blood,  an 
amount  of  nitrogen  equivalent  to  that  in  the  larger  quantities  of 
nitrate  was  applied.  Similar  applications  were  made  in  the  fol- 
lowing years. 

At  the  end  of  each  growing  season,  determinations  were  made 
of  the  actual  dry  matter  in  the  different  crops,  of  the  percentage  of 
nitrogen  contained  in  them,  of  the  gain  in  nitrogen  due  to  the 
materials  added,  and  of  the  percentage  of  the  applied  nitrogen 
recovered. 
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The  results  obtained  are  definite  and  clearly  point  in  one  direc- 
tion, in  so  far  as  the  question  of  denitrification  is  concerned,  and 
are  in  accord  with  those  of  other  investigators.  The  experimental 
data  accumulated  during  the  years  1898,  1899,  and  1900  will  be 
presented  in  the  second  part  of  this  paper. 

As  the  work  progressed  and  the  accumulated  material  was 
studied,  other  questions  presented  themselves.  They  concern  the 
movement  of  the  plant-food  in  the  soil  and  in  the  plant,  the  re- 
lation of  the  mineral  salts  to  the  organic  matter,  the  influence  of 
rainfall,  the  rapidity  of  nitrification,  etc.  While  still  following  the 
main  lines  of  research,  as  indicated,  the  other  points  have  been 
examined  in  so  far  as  was  practicable,  and  deductions  drawn  where 
the  experimental  data  at  hand  warranted  it.  Obviously  the  many 
factors  that  determine  the  yield  of  crop  are  so  closely  related  to 
one  another,  that  a  true  understanding  of  the  subject  can  only 
come  with  the  careful  study  of  the  soil  from  more  than  one  stand- 
point. As  a  recent  bulletin  aptly  expresses  it  :2  "Our  first  object 
is  to  determine  the  controlling  factor  of  fertility,  whether  and 
when  this  factor  is  physical,  depending  upon  the  color,  texture,  or 
structure  of  the  soil ;  climatological,  depending  upon  temperature, 
sunshine,  and  rainfall;  chemical,  depending  upon  the  absolute 
chemical  composition,  or  upon  a  definite  minimum  solubility  of 
the  soil's  constituents",  or,  we  might  add,  bacteriological,  depend- 
ing upon  the  activity  of  soil  organisms. 

That  the  latter  is  not  the  least  important  is  attested  by  the 
numerous  researches  on  their  relation  to  the  nitrogen  question, 
both  in  its  constructive  and  destructive  phases.  According  to 
Stoklasa,*  "the  assimilation  of  the  nitrogen  of  the  air  by  bacteria 
forms  one  of  the  most  important  problems  of  modern  biological  re- 
Sv^irch."  On  the  one  hand,  we  have  the  symbiotic  life  of  the 
B.  radicicola  with  the  plants  of  the  leguminous  family  resulting 
in  the  fixation  of  atmospheric  nitrogen ;  on  the  other  hand,  we  have 
organisms  like  Clostridium  Pasteurianutn,  which,  as  Winogradsky 
has  shown,  can  assimilate  atmospheric  nitrogen  independently,  or 
Czron's  Bacillus  Ellenbachii,  which  Stoklasa  claims  can  alsoassim- 
ilate  atmospheric  nitrogen.  These  and  others  probably  constantly 
work  to  preserve  and  increase  our  stock  of  combined  nitrogen  in 
the  soil, — they  are  the  constructive  agents.  At  the  same  time  there 
exist  in  the  soil,  and  in  decaying  vegetable  matter,  numerous 
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micro-organisms  that  have  the  power  under  the  proper  conditions 
to  break  up  certain  nitrogen  compounds,  and  in  this  process  much 
or  all  of  the  nitrogen  is  returned  to  the  atmosphere  whence  it 
originally  came,  in  the  gaseous  state.  These  latter  organisms  are 
the  destructive  agents.  It  is  their  activity  that  concerns  the  sub- 
ject of  our  inquiry  more  directly,  and  a  brief  review  of  the  more 
important  work  along  these  lines  will  help  us  to  understand  better 
the  experimental  data  submitted  in  this  paper. 

As  far  back  as  1867,  Froehde  had  observed*  that  the  reduction 
of  nitrates  takes  place,  at  times,  when  they  are  in  contact  with 
certain  organic  substances.  There  appeared  to  be  a  considerable 
number  of  the  latter  possessing  such  reducing  properties.  From 
that  early  observation  to  our  present  knowledge  of  the  specific 

• 

micro-organisms  causing,  under  given  conditions,  the  destruction 
of  nitrates,  the  study  of  the  subject,  though  gradual,  was  decidedly 
irregular.  It  was  only  within  the  last  five  or  six  years  that  a  care- 
ful and  systematic  examination  of  the  question  enabled  us  to  gain 
a  more  definite  conception  of  the  processes  of  denitrification.  For 
all  that,  there  is  much  that  is  yet  obscure,  and  much  that  calls  for 
further  study.  The  latter  is  particularly  true  of  the  denitrification 
processes  as  they  appear  in  practical  agriculture,  since,  as  has  been 
pointed  out  repeatedly,  the  conclusions  obtained  from  laboratory 
experiments  are  not  always  applicable  to  actual  practice,  creating 
as  they  do  abnormal  conditions  not  encountered  in  the  field.  As 
with  nitrification,  the  earlier  investigators  attempted  to  explain 
denitrification  by  purely  chemical  reactions,  and  to  the  French 
chemists  largely  belongs  the  credit  for  being  the  first  to  point  out 
to  us  the  probable  bacterial  character  of  the  denitrification  pro- 
cesses. However,  some  years  before  that,  Schoenbeit\5  had  noticed 
that  nitrates  are  reduced  to  nitrites  by  fungi,  and  that  the  presence 
of  nitrites  in  drinking  water  might  indicate  that  it  contains  micro- 
organisms. Dr.  Angus  Smith,  in  1867,  had  also  noticed*  that  a 
reduction  of  nitrates  with  the  evaporation  of  free  nitrogen  takes 
place  in  the  decomposition  of  sewage. 

The  work  done  since  then,  and  leading  up  to  the  more  detailed 
recent  studies,  will  be  briefly  reviewed  here.  Meusel7  observed 
the  transformation  of  nitrates  into  nitrites  in  drinking-water,  and 
attributed  the  formation  of  nitrites  to  bacteria.  Chabrier  states8 
that  all  soils  contain  nitrous  acid,  that  in  dry  weather  nitrates 
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accumulate  at  the  surface,  and  that  nitrites  occur  in  larger  quantity 
in  the  lower  layers  of  the  soil.  In  another  place9  he  finds  that 
there  is  a  small  loss  of  nitrogen  (liberated  as  gaseous  nitrogen) 
in  nitrification.  This  latter  fact  was  also  observed  somewhat  later 
by  Boussingault10  and  later  by  Pickard11  and  subsequently  by 
Godlewski.1*  Jeannel"  found  that  when  in  contact  with  humus; 
dead  leaves  and  straw,  nitrates  are  reduced  to  nitrites;  and 
Schloesing14  showed  that  in  a  large  bottle,  whose  atmosphere  was 
kept  free  from  oxygen,  potassium  nitrate  was  reduced  to  ammonia, 
and,  also,  some  of  the  combined  nitrogen  was  set  free.  Boname,15 
a  year  later,  also  came  to  the  conclusion  that  nitrates  are  reduced 
in  an  atmosphere  free  from  oxygen  To  Schloesing,16  also,  belongs 
the  credit  of  having  established  the  fact  that  nitrogen  is  set  free  in 
the  putrefactive  decomposition  of  urine  and  in  the  lactic  fermenta- 
tion of  sugar  in  the  presence  of  potassium  nitrate. 

Pesci"  noted  that  nitrates  are  reduced  to  nitrites  when  the 
action  is  allowed  to  go  on  under  water,  and  E.  W.  Davy18 
observed  that  an  excess  of  animal  matter  in  solution  retards  nitri- 
fication. Hufner,"  on  the  other  hand,  decided  that  no  gaseous 
nitrogen  is  set  free  in  the  decay  of  organic  substances. 

Deherain  and  Maquenne*0  had  also  observed  the  reduction  of 
nitrates.  They  attributed  this  action  to  anaerobic  ferments,  and 
showed  that  the  gases  set  free  contained  besides  carbon  dioxide, 
also  free  nitrogen  and  nitrous  oxide.*  About  the  same  time  Gayon 
and  Dupetit"  studied  the  reduction  of  nitrates  in  the  soil.  They 
describe  an  anaerobic  "ferment"  capable  of  reducing  nitrates 
rapidly.  In  this  process,  gaseous  nitrogen  is  set  free.  They  also 
found  that  the  ferments  need  organic  matter  for  their  develop- 
ment, that  part  of  the  organic  nitrogen  is  transformed  into  am- 
monia, and,  perhaps,  also  into  amido  derivatives  of  the  organic 
substance.  Heraeus,"  too,  had  observed  the  reduction  of  nitrates 
to  nitrites  and  ammonia  by  bacteria,  and  Springer28  studied  what 
he  called  a  "ferment,"  rod-shaped,  rounded  at  the  ends,  and 
capable  of  reducing  nitrates. 

In  1886,  Gayon  and  Dupetit"  isolated  two  organisms,  B.  deni- 
trificans  I  and  B.  denitrificans  II,  capable  of  reducing  nitrates 
with  the  evolution  of  gaseous  nitrogen.  Besides  these  they  en- 
countered a  number  of  bacteria  that  could  reduce  nitrates  to 
nitrites.    According  to  the  composition  of  the  nutritive  medium 
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the  nitrogen  of  the  nitrates  may  be  set  free  as  such,  or  mixed  with 
nitrous  oxide.  The  oxygen  of  the  nitrates  not  combined  with  the 
nitrogen  of  the  nitrous  oxide,  unites  with  the  carbon  of  the  organic 
matter,  giving  carbon  dioxide,  which  dissolves  for  the  most  part 
forming  bicarbonate  of  potassium  (KNO,  being  used).  The 
culture  medium  containing  10  grams  of  potassium  nitrate  begins 
to  ferment  on  the  addition  of  some  soil.  The  authors  think  that 
the  decomposition  of  nitrates  by  B.  denitrificans  is  not  a  true 
fermentation,  nor  a  secondary  phenomenon,  but  a  "combustion  of 
the  organic  matter  by  the  nitric  oxygen  with  the  liberation  of  much 
heat ;  it  is  a  type  of  fermentation  that  can  take  place  only  with  the 
simultaneous  concurrence  of  several  chemical  reactions."  Kellner 
and  Yoskii"  found  that  although  losses  of  nitrogen  occur  in  the 
decay  of  nitrogenous  organic  matter,  yet  the  losses  are  slight,  even 
after  the  decay  has  progressed  for  a  long  time.  Ehrenberg*6  in  a 
series  of  exhaustive  experiments  showed  that  "neither  in  the 
presence  nor  absence  of  free  oxygen,  neither  in  solution  nor  in 
slightly  moistened  decaying  masses  permeable  to  gases,  is  ele- 
mentary nitrogen  set  free  through  the  agency  of  micro-organisms."' 
Tacke*7  reaches  a  similar  conclusion,  while  Immendorf28  stated 
distinctly  that  according  to  his  experiments  the  setting  free  of 
nitrogen  from  decaying  organic  matter  is  not  a  purely  chemical 
process,  but  is  effected  with  the  aid  of  micro-organisms.  It  will 
be  seen  from  this  that  while  there  were  still  adherents  of  the 
chemical  theory  in  Germany,  the  belief  was  beginning  to  prevail 
that  the  destruction  of  nitrates  is  due  to  bacteria.  Two  years  later 
Tacke**  admits  that  Berthelot  was  right  when  he  claimed  that 
there  are  nitrogen-fixing  bacteria  in  the  soil,  and  adds  that  there 
are  also  present  in  the  soil  organisms  that  set  free  nitrogen  from  its 
compounds. 

Holdefleiss80  was  led  to  believe  that  even  in  yard  manure  con- 
stantly  compacted  by  animals,  and  with  the  oxygen  thus  excluded, 
the  nitrification  processes  take  place  to  some  extent.  Hence,  the 
greatest  loss  through  the  formation  of  free  nitrogen  takes  place  in 
the  manure  pile,  and  not  in  the  stable.  By  compacting  the  manure, 
the  nitrification  processes  can  be  limited,  and  we  must  depend  on 
mechanical  treatment  to  delay  nitrification  until  the  manure  reaches 
the  soil.    Of  course,  in  preventing  nitrification  in  the  manure  pile, 
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the  losses  of  free  nitrogen  due  to  denitrification  are  largely  pre- 
vented. 

Leme31  found  that  the  addition  of  large  quantities  of  fresh 
manure,  not  only  stops  nitrification,  but  that  there  is  at  first  a  re- 
duction of  nitrates  to  nitrites,  and  of  the  latter  to  ammbnia. 
Breal"  announced  that  many  substances  of  organic  origin,  and 
especially  straw,  are  the  carriers  of  denitrifying  organisms.  Ob- 
viously the  discovery  is  of  far-reaching  importance.  Since  these 
organisms  are  carried  to  the  manure  in  the  litter,  and  later  are 
plowed  in  the  soil  with  the  manure,  it  becomes  interesting  to  deter- 
mine to  what  extent  denitrification  takes  place,  either  in  the 
manure  pile  or  in  the  soil.  In  order  that  denitrification  might  take 
place,  it  is  essential  that  nitrates  be  present,  and  we  must  assume 
that  where  no  nitrates  are  applied  as  such,  nitrification  must  first 
take  place  that  denitrification  might  follow.  E.  W.  Davy,M 
Leme,*4  Pickard,"  Lipman,**  and  others  have  shown  that  large 
quantities  of  organic  matter  either  retard  or  entirely  stop  nitrifica- 
tion, and  for  that  reason  the  losses  of  nitrogen  from  fresh  manure 
due  to  the  destruction  of  nitrates  cannot  be  great.  On  the  other 
hand,  losses  of  nitrogen  may  take  place  in  other  ways,  and  there  is 
much  evidence  that  confirms  this  view. 

Konig*7  in  his  prize  essay  stated  that  "the  losses  of  nitrogen 
from  manure  due  to  the  volatilization  of  ammonia  appear  to  be 
slight,"  and  he  is  inclined  to  think  that  the  greater  losses  are  due 
to  the  liberation  of  elementary  nitrogen.  Immendorf,"  on  the 
other  hand,  comes  to  the  conclusion  that  the  chief  cause  of  the  loss 
of  combined  nitrogen  in  manure  with  the  usual  treatment  may  be 
attributed  to  the  volatilization  of  ammonia,  and  finds  that  the 
formation  of  elementary  nitrogen  influences  these  losses  only  to  a 
limited  extent.  Burri,  Herfeldt  and  Stutzer39  carried  out  some 
experimental  work  to  decide  as  to  the  causes  that  lead  to  losses  of 
nitrogerf  In  decaying  organic  substances,  especially  in  dung  and 
liquid.  They  are  led  to  believe  that  where  denitrification  takes 
place  it  is  preceded  by  nitrification.  Hence  they  conclude  that 
"in  the  decay  of  nitrogenous  organic  substances,  there  is  no 
setting  free  of  elementary  nitrogen  as  long  as  the  activity  of  the 
nitrifying  organisms  in  the  decaying  substance  is  suppressed." 
On  the  other  hand,  they  believe  that  a  considerable  evolution  of 
free  nitrogen  may  take  place  when  nitrates  are  added  to  dung  or 
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liquid  manure,  or  when  opportunity  is  given  to  the  nitrifying 
organisms  for  active  development.  The  splitting  off  of  free 
nitrogen  may  be  caused  by  the  reduction  of  nitrates,  or  by  the 
action  of  nitrous  acid  or  ammonia  or  amines.  The  authors  point 
out  later  that  denitrification  is  rather  due  to  living  organisms  than 
to  purely  chemical  reactions,  as  Ehrenberg40  assumes ;  nitrification, 
they  think,  may  run  to  completion  without  the  evolution  of  free 
nitrogen ;  such  evolution  is  more  likely  to  take  place  in  the  decay- 
ing mass  when  the  supply  of  oxygen  is  limited.  In  such  cases  the 
oxygen  of  the  nitrates  is  utilized  and  the  nitrogen  is  set  free.41 
Since  in  the  fresh  manure  scarcely  any  nitrification  takes  place,  the 
denitrification  cannot  be  considerable.  In  another  communication 
the  same  authors  suggest  that  the  object  of  a  rational  method  of 
conservation  should  not  only  consist  in  preventing  the  volatiliza- 
tion of  ammonia,  but  also  in  controlling  the  course  of  fermentation, 
so  as  to  favor  the  development  of  bacteria  that  transform  organic 
nitrogen  into  ammonium  carbonate. 

Following  the  example  of  Gayon  and  Dupetit,  Burri  and  Stutzer 
were  led  to  attempt  the  isolation  of  denitrifying  organisms.  The 
work  appeared  the  more  desirable  in  view  of  Breal's4*  discovery 
already  alluded  to,  and  of  a  communication  from  Wagner  that 
nitrate  of  soda  yielded  inadequate  returns  when  used  together  with 
horse  manure.  In  communicating  the  results  of  their  experiments** 
they  call  attention  to  the  fact  that  there  are  but  a  limited  number  of 
organisms  capable  of  oxidizing  nitrates,  while  of  those  possessing 
the  power  of  reduction  (deoxidation)  the  number  is  great.  Of 
these,  however,  the  greater  part  can  only  reduce  nitrates  to  nitrites 
and  the  bacteria  capable  of  reducing  nitrates  to  ammonia,  or  of 
setting  nitrogen  freeware  not  very  numerous.  Of  the  work  not 
already  referred  to,  they  mention  that  of  DeherainandMaquenne44 
who  observed  that  in  the  gases  set  free  in  denitrification  there  is 
contained  besides  nitrogen,  also  carbon  dioxide  and  hydrogen. 
Also  the  work  of  Giltay  and  Aberson48  is  mentioned.  The  latter 
describe  a  bacillus  capable  of  destroying  large  quantities  of  nitrate 
with  the  evolution  of  free  nitrogen.  Burri  and  Stutzer  finally 
succeeded  in  isolating  two  organisms  capable  of  reducing  nitrates 
completely,  which  they  named  B.  denitrificans  I  and  B.  denitri- 
ficans II.  Their  conclusions46  may  be  summed  up  as  follows: 
"When  pxygen  is  completely  excluded  B.  denitrificans  I,  together 
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with  B.  coti,  does  not  cause  the  evolution  of  free  nitrogen  in  cul- 
ture solutions  containing  nitrate,  but  most  of  the  nitrate  nitrogen 
is  reduced  to  nitrite  nitrogen.  With  a  limited  supply  of  oxygen, 
B.  denitrificans  I  can  develop  to  such  an  extent  as  to  be  able,  to- 
gether with  B.  coli,  to  cause  the  fermentation  of  nitrate  with  the 
evolution  of  free  nitrogen.  When  once  started  the  fermentation 
takes  its  usual  rapid  course.  B.  denitrificans  I  uses  in  this  case 
some  of  the  oxygen  derived  from  the  nitrates.  With  a  liberal 
supply  of  air  B;  denitrificans  /,  together  with  B.  coli,  causes  the 
destruction  of  nitrites  in  the  normal  way.  With  the  complete 
exclusion  of  air  B.  denitrificans  II,  to  cause  the  fermentation  of 
nitrates,  is  diminished  or  entirely  suppressed. 

According  to  Marchal47  the  behavior  of  B.  mycoides  in  nutritive 
solutions  containing  nitrates  is  rather  striking.  When  inoculated 
into  a  solution  containing  glucose  and  about  2  grams  of  potassium 
nitrate  per  liter,  nitrites  and  ammonia  could  be  detected  in  a  few 
days,  and  in  fifteen  days  ammonia  alone.  It  appears  thus  that  the 
same  organisms  may  exert  either  an  oxidizing  or  reducing  action. 
Both  processes  are  intimately  connected  with  the  respiration  of  the 
organism.  In  one  case  albuminoids  are  normally  oxidized  with 
the  aid  of  atmospheric  oxygen ;  in  the  other,  the  intramolecular 
respiration  leads  to  a  utilization  of  the  nitrate  oxygen  to  oxidize 
the  sugar. 

Attempts  to  isolate  denitrifying  organisms  were  also  made  by 
Schirokikh.4*  He  was  successful  in  obtaining  a  pure  culture  of  an 
organism  capable  of  destroying  nitrates.  He  describes  it  as  a 
"bacillus  with  rounded  ends,  having  no  vacuoles,  and  one  and  a  half 
to  twice  as  long  as  it  is  wide.  It  is  motile,  though  not  as  markedly 
as,  for  instance,  B.  pyocyaneus. 

A  further  study  of  the  denitrifying  organisms  isolated  by  Burri 
and  Stutzer49  is  contributed  by  Stutzer  and  Maul50.  The  authors 
finally  come  to  the  conclusion  that  B.  denitrificans  I,  together  with 
B.  coli,  destroys  nitrates  in  a  flask  that  is  merely  stoppered,  but 
when  air  is  passed  through  the  liquid  in  the  fla&k,  denitrification  is 
not  as  active.  Also  Ampola  and  Gatino51  isolated  a  denitrifying 
organism  which  they  named  B.  denitrificans  agilis.  They  found 
that  it  is  capable  of  destroying  nitrates  rapidly.  In  examining  the 
gases  evolved  they  found  them  to  consist  of  nitrogen  and  carbon 
•dioxide,  the  latter  being  present  to  the  extent  of  15  per  cent.     In 
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searching  for  practical  means  to  diminish  denitrification  in 
manure,  the  same  authors'*  decided  that  peat  prevents  denitrifica- 
tion by  virtue  of  the  acidity  it  imparts  to  the  manure,  but  when  the 
manure  again  becomes  alkaline  denitrification  takes  place. 

S.  A.  Sewerin"  isolated  thirty-two  different  organisms  from 
horse  manure,  and  studied  twenty-nine  of  these.  In  one  case 
strong  foaming  was  noticed,  and  it  was  found  that  there  were  at 
least  two  species  capable  of  reducing  nitrates  completely.  Further 
study  showed  that  there  were  also  nine  species  capable  of  reducing 
nitrates  to  nitrites,  eighteen  species  being  indifferent.  By  diluting 
the  nitrate  solution  to  o.i  per  cent.,  two  more  showed  complete  re- 
duction, and  still  further  dilution  to  0.05  per  cent,  showed  four 
more  organisms  capable  of  complete  reduction,  in  all  eight  species. 
It  appears  also  that  proportionately  larger  quantities  of  potassium 
nitrate  than  of  sodium  nitrate  are  reduced  in  a  given  time,  and  0.6 
per  cent,  of  sodium  nitrate  appears  to  be  the  limit  of  reduction. 
The  author  also  finds  that  the  stirring  of  the  soil  and  greater 
aeration  tend  to  diminish  denitrification. 

His  studies  of  B.  denitrificans  14  led  Hjalmar  Jensen54  to  believe 
that  it  can  be  grown  as  an  aerobe.  He  finds  a  certain  relation  be- 
tween the  nitrate  destroyed  and  the  carbon  compounds  used.  No 
denitrification  takes  place  without  a  source  of  carbon  being  sup- 
plied.58 

P.  P.  Deherain"  confirms  Breal's  claim  that  there  are  denitrify- 
ing bacteria  on  straw,  and  Wagner's  that  these  organisms  are 
found  in  animal  excreta.  He  finds  that  they  occur  in  cultivated 
soils ;  that  the  nitrogen  set  free  by  them  is  accompanied  by  carbon 
dioxide,  and  often  by  nitrous  oxide ;  that  the  nitrogen  used  by  the 
organisms  to  build  their  tissues  are  comparatively  small;  they 
utilize  only  the  oxygen  of  the  nitrate  and  more  readily  exercise 
their  reducing  action  in  a  closed  space.  When  ordinary  quantities 
of  manure  are  applied  nitrification  rather  than  denitrification  takes 
place.  It  is  hardly  necessary  to  treat  the  manure  with  sulphuric 
acid  to  destroy  the  denitrifying  organisms. 

It  has  been  noted  above  that  of  denitrifying,  or  nitrate-destroy- 
ing organisms,  a  large  number  are  known  at  the  present  day,  and 
there  is  no  doubt  that  when  a  more  thorough  study  is  made  of  the 
subject  many  more  will  be  added  to  the  list.  Thus  Stoklasa8T 
enumerates  the  following  bacteria  as  capable  of  causing  the  fer- 
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mentation  of  nitrates  in  the  presence  of  organic  acids,  or  of  pen- 
toses and  hexoses:  B.  humosus,  B.  Auorescens  liquefaciens, 
B.  pyocyaneus,  B.  denitrificans,  B.  colt  communis,  B.  Stuteeri,  and 
many  others  that  have  been  studied  less  carefully.  As  it  is  to  be 
expected,  these  organisms  do  not  possess  the  power  of  denitrifica- 
tion  in  an  equal  degree.  The  author  just  referred  to  says  that  the 
analysis  of  the  gas  produced  by  B.  Hartlebii  showed  70  to  96  per 
cent,  of  nitrate  nitrogen  set  free,  the  rest  having  been  transformed 
into  organic  nitrogen.  Furthermore,  the  destructive  fermentation 
of  nitrates  depends  to  a  great  extent  on  the  character  of  the 
organic  acids  in  the  nutritive  medium,  some  being  much  better 
adapted  than  others  to  furnish  the  necessary  energy  for  the  break- 
ing-down of  the  nitrates.  Stoklasa  also  claims  that  most  of  the 
denitrifying  bacteria  can  cause  no  reduction  of  nitrates  in  media 
where  chemically  pure  d-fructose  and  ^-galactose  are  present. 
The  nitrate,  he  believes,  is  first  reduced  to  ammonia,  and  that  is 
oxidized  with  the  liberation  of  free  nitrogen.  However,  not  all  of 
the  ammonia  is  thus  oxidized,  for  a  part  of  its  nitrogen  is  trans- 
formed into  the  organic  form,  a  fact  that  was  long  ago  noticed  b** 
Schloesing*8. 

An  interesting  study  of  several  manure  bacteria  and  of  the 
products  of  their  activity  is  contributed  by  T.  Severin.69  Of  the 
several  organisms  that  he  isolated  from  manure,  some  seem  to 
differ  materially  from  the  others.  Thus  B.  pyocyaneus,  and  what 
he  calls  £.  No.  2,  will  not  produce  carbon  dioxide  and  ammonia 
from  solid  manure  alone,  but  will  attack  it  when  it  is  mixed  with 
liquid  manure.  On  the  other  hand,  one  organism  which  the 
author  designates  as  No.  1  seems  to  be  more  active  in  the  absence 
of  urine.  This  fact  is  significant  in  that  it  introduces  a  new  factor 
in  the  study  of  the  relative  value  of  solid  and  of  solid  and  liquid 
manure  in  plant  nutrition. 

Some  of  the  accumulated  facts  bearing  on  the  conditions  most 
suitable  for  the  growth  and  development  of  the  denitrifying  bac- 
teria we  owe  to  Stutzer.  In  a  recent  article80  he  claims  that  deni- 
trification  in  nutritive  solutions  is  not  favored  by  glucose,  but  is 
promoted  by  the  presence  of  salts  of  organic  acids,  like  potassium 
lactate  or  potassium  citrate. 

Turning  to  the  more  practical  side  of  the  denitrification  ques- 
tion, we  find  that  much  thought  has  been  given  to  it.     Some  years 
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ago  the  experimental  data  at  hand  were  so  contradictory,  and  the 
points  to  be  cleared  up  so  numerous,  that  Pfeiffer  was  led  to  say : 
"There  is  scarcely  another  field  of  research  in  agricultural  chem- 
istry in  which  we  encounter  contradictions  as  numerous,  and  as 
fully  unexplained."  In  order  to  clear  up  these  contradictions  and 
to  throw  more  light  on  the  doubtful  results,  the  German  Agri- 
cultural Association  called  for  a  united  effort  on  the  part  of  the 
German  experiment  stations,  offering  at  the  same  time  to  place 
the  necessary  means  at  their  disposal.61  The  call  was  answered  and 
the  work  undertaken  by  the  experiment  stations  of  Augsburg, 
Darmstadt,  Jena  and  Rostock,  and  later  on  by  the  Bonn  and  Gott- 
ingen  stations.  The  investigation  was  to  answer  two  general 
questions : 

i.  How  are  the  great  losses  of  nitrogen  that  take  place  in  the 
decay  of  organic  substances  to  be  explained  ?  To  what  extent  is 
the  nitrogen  liberated  in  the  elementary  state,  and  to  what  extent 
as  ammonia,  and  how  does  the  liberation  of  the  first  take  place  ? 

2.  What  means  do  we  possess  of  checking  these  losses,  and  how 
does  the  material  thus  employed  act  ? 

The  publication  of  the  results  was  to  be  delayed  until  the  exist- 
ing uncertainty  was  cleared  up.  Since  such  was  far  from  being 
the  case  in  1896,  it  was  decided  to  publish  the  results  already  re- 
ceived at  that  time,  for  they  contained  much  that  is  valuable,  and 
in  many  respects  conclusive.  In  accordance  with  this,  there 
appeared  in  the  Landwirtschaftlichen  Versuchs-Stationen**  the 
reports  of  B.  E.  Dietzel  (Augsburg),  of  Th.  Pfeiffer,  E.  Franke, 
C.  Gotze,  and  H.  Thurmann  (Jena),  and  of  J.  Aeby,  R.  Dorsch, 
Dr.  Matz  and  P.  Wagner  (Darmstadt).  The  combined  reports 
make  a  very  valuable  contribution  to  the  subject  of  denitrification, 
and  will  well  repay  a  careful  study  to  all  who  are  interested  in  the 
nitrogen  question. 

The  Jena  and  Darmstadt  stations  have  reached  similar  conclu- 
sions in  regard  to  certain  phenomena.  The  experiments  Of  both 
indicate  that  with  a  limited  supply  of  air  in  the  manure,  the  losses 
.  of  elementary  nitrogen  and  of  organic  substance  are  not  very  ex- 
tensive. It  might  be  added  here  that  the  results  obtained  at  the 
Darmstadt  station**  indicate  that  "solid  excreta  and  straw  lose 
their  nitrogen  so  very  slowly,  that  no  conservation  materials  are 
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needed.  It  is  only  the  nitrogen  of  urine  that  requires  conserva- 
tion." 

Pagnoul*4  had  found  that  horse  manure,  especially  in  the  pres- 
ence of  starch,  tends  to  cause  the  disappearance  of  nitrates,  but  at 
300  with  a  sufficient  supply  of  oxygen  and  water,  there  is  no  loss 
of  free  nitrogen,  but  the  conversion  of  nitrate  into  organic  combi- 
nations. It  should  be  added  here,  perhaps,  that  the  same  investi- 
gator had  some  years  earlier65  declared  that  ordinary  quantities  of. 
horse  manure  do  not  cause  denitrification  in  the  soil. 

Also  Ragoyski66  found  that  lime  largely  prevents  the  loss  of 
nitrogen.  It  is  very  likely  that  the  increase  in  albuminoid  nitrogen 
was  due  to  the  activity  of  bacteria,  for  also  Street"  and  others 
have  found  this  to  be  the  case;  but  as  to  the  availability  of  the 
organic  nitrogen  thus  formed,  there  is  a  considerable  difference  of 
opinion.  Nobbe  and  Hiltner*8  state  definitely  that  the  organic 
nitrogen  produced  by  soil  bacteria  is  not  available,  at  least  not  im- 
mediately available,  to  the  growing  crop. 

Pfeiffer,  Franke,  Lemmermann,  and  Schilbach6*  studied  the 
availability  of  the  nitrogen  in  different  nitrogenous  materials  in 
both  pot  and  field  experiments.  The  substances  used  were  sodium 
nitrate,  ammonium  sulphate,  ground  horn,  dried  blood,  meat  and 
bone,  and  barnyard  manure,  both  treated  and  untreated. 

It  would  not  be  out  of  place  here  to  examine  a  certain  statement 
of  the  authors  that  had  a  direct  bearing  on  facts  brought  out  in 
our  own  experimental  work.  They  attempt  to  account  for  the 
high  nitrogen  content  of  plants  grown  on  a  soil  poor  in  nitrogen.70 
Quoting  Maercker's  explanation,71  "that  on  a  soil  very  poor  in 
nitrogen,  the  plants  starving  for  want  of  nitrogen  do  not  pass  their 
period  of  infancy ;  on  account  of  their  lack  of  nitrogen  they  are  not 
able  to  form  sufficient  amounts  of  carbohydrates,  and  these  result 
in  abnormal  plants,  which  die  before  they  mature,  and,  therefore, 
are  rich  in  nitrogen,  while  containing  but  a  small  amount  of  dry 
matter."  The  authors  criticize  this  statement  and  point  out  that 
there  must  have  been  some  other  controlling  factor,  for  with  a 
plentiful  supply  of  the  other  plant  food  constituents,  there  should 
result  a  mass  of  plant  food  substances  of  a  normal  composition. 
A  comparison  of  Series  1  and  2  in  our  experiments  will  show  that 
they  are  right  in  this  respect. 

In  an  article  entitled73  "The  Cause  and  Significance  of  the  De- 
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composition  of  Nitrates  in  the  Soil,"  Kriiger  and  Schneidewind 
report  the  results  of  their  experiments.  The  work  was  under- 
taken in  order  to  solve  the  following  problems:  (a)  Does  the 
loosening  of  the  soil  caused  by  applications  of  manure  have  any- 
thing to  do  with  the  diminution  in  yield?  (b)  Is  it  caused  by  the 
addition  of  organisms  that  destroy  nitrates?  (c)  Is  it  caused  by 
the  addition  of  substances  which  favor  the  development  of  the 
nitrate-destroying  organisms,  and  thereby  favor  denitrification  ? 

The  investigation  included  both  plot  and  field  experiments,  6 
kilos  of  soil  being  used  in  the  former.  They  find  that  there  was 
denitrification  in  the  plots,  there  being  in  every  case  a  smaller 
yield  over  the  nitrate  alone  when  together  with  the  latter  fresh 
manure  is  used,  and  that  with  varying  quantities  of  nitrates. 

The  authors  express  the  belief  that  while  the  denitrification 
processes  in  the  field  are  not  as  extensive  as  they  are  in  the 
cylinders,  yet  even  in  field  operations  the  denitrification  processes 
are  of  considerable  significance.  The  decomposition  of  nitrates 
in  the  field  is  not  usually  noticeable,  because  the  nitrification 
processes  here  are  more  intense  than  they  are  in  the  cylinders,  and 
hence  denitrification  is  less  marked.  Denitrification  is  also  masked 
on  the  addition  to  the  field  of  barnyard  manure,  because  there  is 
more  soluble  nitrogen  added  by  the  latter  to  the  soil  than  is  de- 
stroyed by  the  denitrifying  bacteria.  "A  direct  conclusion  as  to 
the  extent  of  denitrification  in  practice  can  only  be  obtained  by 
determining  the  action  of  liquid  manure,  or  of  nitrate  for  itself  on 
the  one  hand,  and  on  the  other  hand  the  action  of  either  when  used 
together  with  solid  excreta  and  straw." 

Pfeiffer  and  Lemmermann78  do  not  agree  with  Kriiger  and 
Schneidewind  in  their  claim  that  denitrification  caused  by  manure 
is  dtfe  to  the  organic  matter  it  adds  to  the  soil,  rather  than  to  the 
bacteria  contained  in  it. 

Maercker  had  pointed  out74  that  in  the  course  of  sterilization  of 
manure,  certain  substances  are  formed  that  are  injurious  to  plant 
life.  It  follows,  if  this  be  true,  that  a  comparison  in  vegetation 
experiments  of  sterilized  and  unsterilized  manure  would  not  bring 
out  the  actual  relations.  To  avoid  this  difficulty,  Pfeiffer  and 
Lemmermann  sterilized  both  lots,  and  then  inoculated  one  of  them 
with  a  pure  culture  of  S.  denitrificans  II,  given  to  them  by  Dr. 
Kunnemann.    They  find  that  there  is  an  increase  in  the  soil  nitre- 
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gen  of  all  the  cylinders  on  which  no  nitrogen  had  been  applied, 
and  are  inclined  to  ascribe  the  cause  of  it  to  nitrogen-fixing  bac- 
teria. This  view  is  confirmed  by  the  experience  of  Aeby,™  of 
Schneidewind,76  and  of  Richter."  The  latter  sums  up  his  conclu- 
sions as  follows:  (i)  The  several  unsterilized  vessels  to  which 
no  nitrogen  had  been  added  show  an  increase  in  nitrogen.  The 
gain  is  slight  in  the  first  crop,  but  increases  later.  (2)  In  all 
cases  where  nitrogen  is  applied,  there  is  a  loss  of  soil  nitrogen. 
Hence  the  increase  of  nitrogen  in  the  soil  takes  place  only  when 
the  latter  is  poor  in  assimilable  nitrogen. 

Ffeiffer  and  Lemmermann  are  also  inclined  to  think  that  since  a 
part  of  the  nitrate  nitrogen  is  changed  into  the  organic  form,  and 
is  later  utilized  by  the  plant,  it  is  manifestly  unjust  to  decide  on  its 
relative  availability  from  short  vegetation  experiments.  Finally 
they  conclude  that  there  are  several  factors  responsible  for  the 
so-called  denitrification  process.  There  are  at  least  three  such 
factors,  and  namely : 

1.  Direct  injury  to  the  growing  plants  by  larger  quantities  of 
organic  substance. 

2.  Fixation  of  soluble  nitrogen  by  the  increased  activit"  pf 
different  organisms. 

3.  Denitrification  proper. 

It  is  still  to  be  learned  which  one  of  these  factors  plays  the  most 
important  part,  economically  and  how  we  are  to  modify  and 
influence  such  activity. 

From  his  more  recent  experiments78  Rogoyski  concludes  that 
there  is  a  denitrification  of  nitrates  in  the  presence  of  large 
amounts  of  manure,  the  nitrogen  being  set  free  in  the  elementary 
state,  while  a  part  of  it  transformed  into  organic  combinations. 
Similar  changes  occur  when  soil  containing  large  quantities  of 
manure  or  straw  is  mixed  with  urine  or  a  solution  of  ammonia 
salts.  The  nitrogen  thus  fixed  appears  to  be  readily  nitrifiable. 
When  quantities  used  in  practice  were  applied  no  denitrification 
took  place,  and  the  urine  was  nitrified.  On  the  other  hand,  deni- 
trification did  take  place  when  excessive  quantities  were  applied. 

The  work  of  Wood™  indicates  that  there  was  considerable  de- 
nitrification when  manure  at  the  rate  of  10  to  20  tons  per  acre  was 
applied,  together  with  nitrate.  While  there  was  some  denitrifica- 
tion where  well-rotted  manure  was  used,  the  effects  were  more 
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striking  in  the  case  of  fresh  manure.  Thus  nitrate  alone  gave  an 
increase  of  9.5  bushels  of  grain  per  acre,  while  nitrate  together 
with  fresh  manure  gave  practically  no  increase. 

At  present  Hoflich"  is  reporting  studies  in  which  he  is  trying  to 
differentiate  between  denitrifying  bacteria  naturally  occurring  in 
soils,  straw  and  manures. 

The  above  represents  a  brief  review  of  most  of  the  recent  re- 
search work  on  denitrification  and  the  changes  in  manures.  The 
fact  that  great  losses  of  nitrogen  take  place  when  excessive 
amounts  of  manure  are  applied,  and  that,  conversely  no  denitrifi- 
cation, or  very  little  denitrification,  takes  place  when  ordinary 
quantities  are  applied,  taken  together  with  the  experiments  of 
Pfeiffer  and  Lemmermann  to  prove  that  much  of  the  reduction  in 
yield  usually  attributed  to  denitrification  is  really  due  to  the 
injurious  effect  of  large  amounts  of  organic  matter,  indicate  that 
there  is  a  phase  of  the  subject  that  needs  very  careful  investiga- 
tion. 
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PART  II. 

The  work  carried  on  in  our  own  laboratory1  tends  to  confirm  the 
claim  of  the  European  investigators.  It  shows  clearly  that 
nitrates  when  in  contact  with  manure  are  destroyed  by  the  organ- 
isms contained  in  the  latter,  that  this  destruction  of  nitrates  is 
essentially  a  reducing  process,  that  the  larger  portion  is  set  free 
as  gaseous  nitrogen,  and  that  a  part  of  it  is  converted  into  ammonia, 
and  part  of  it  into  insoluble  organic  nitrogen,  not  suited  to  supply  the 
immediate  nitrogen  requirements  of  the  growing  crop.  It  shows, 
moreover,  that  other  manurial  substances,  like  acid  phosphate, 
kainite,  ammonium  sulphate,  etc.,  modify  the  transformation  of  the 
nitrate  nitrogen.  In  interpreting  these  laboratory  results,  and 
in  studying  the  conclusions  drawn,  it  becomes  necessary  to  deter- 
mine their  applicability  to  actual  practice.  The  cylinder  experi- 
ments whose  plan  and  scope  were  presented  in  the. first  part  of 
this  paper  are  carried  on  under  conditions  approximately  those  in 
the  field,  and  on  a  scale  extensive  enough  to  permit  of  conclusions 
and  deductions  of  great  practical  importance. .  The  use  of  fresh 
and  of  leached  manure  intended  to  answer  still  another  question  of 
direct  concern  to  every  farmer;  and  namely,  what  relative  value 
they  possess  when  used  by  themselves,  or  together  with  nitrogen 
salts,  or  with  highly  nitrogenous  organic  substances.  The  compo- 
sition of  the  fresh  manures,  and  of  the  leached  manures,  used  in 
the  experiment  are  shown  in  the  accompanying  table. 

1  John  P.  Street :  N.  J.  Sta.  Rep.,  1899,  p.  86,  and  Rep ,  1900,  p.  79. 
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Table  I. 

X*eached  manures.         Fresh  manures. 

Solid  and  Solid  and 

Solid.         liquid.         Solid.         liquid. 
Percent    Percent.     Percent.    Percent. 

Water 77-<M3      78.614      85.794     85.074 

Ash 3.176       3.005        1.831        2.645 

Organic  matter 19.781      18.381      12.375      12.281 

Nitrogen  (total) 0.431  0.498  0.293  0.463 

Nitrogen,  water-soluble 0.056  o.  169  0.060  0.21 1 

Nitrogen  as  nitrates ....  0.015  0.031 

Nitrogen  as  ammonia 0.080  0.031  0.090 

Nitrogen  as  soluble  organic 0.056  0.089  o  014  0.090 

Nitrogen  as  insoluble  organic  •• .    0.375  0.329  0.233  0.252 

Phosphoric  acid 0.504  0.508  0.372  0.410 

Potash 0.350  0.414  0.141  0.199 

As  already  stated,  a  study  not  only  of  the  relative  effect  of  the 
constituent  nitrogen  in  the  various  manures  themselves,  but  also 
of  its  effect  when  used  in  connection  with  nitrogenous  materials 
possessing  a  known  rate  of  availability,  was  made  the  subject  of 
the  experiment,  thus  enabling  a  comparison  of  the  relative  avail- 
ability of  the  nitrogen,  as  well  as  the  denitrifying  effect  of  the 
various  manures. 

Since  the  manure  on  the  farm  is  so  often  exposed  to  the 
leaching  action  of  rain  before  it  is  put  on  the  field,  it  becomes  ap- 
parent that  the  economic  interests  involved  are  of  great  moment. 

In  the  tables  presented  in  this  paper,  the  attempt  has  been  made 
to  arrange  logically  the  experimental  data  thus  far  obtained. 

THE  RESULTS  OF  THE  OAT  EXPERIMENT,  I9OO. 

The  accompanying  table  shows  the  actual  dry  matter  in  the  dif- 
ferent crops,  the  percentage  of  nitrogen  contained  in  them,  the 
gain  in  nitrogen  due  to  materials  added,  and  the  percentage  of  the 
applied  nitrogen  recovered.  In  all  cases,  the  net  gains  in  the 
different  series  are  derived  by  subtracting  the  average  gain  ob- 
tained on  Series  2,  upon  which  minerals  only  were  applied,  from 
the  average  gain  for  that  particular  series. 

As  in  the  crops  of  1898  and  1899,  there  was  a  gain  in  weight  of 
the  dry  matter  of  the  crops  to  which  nitrogenous  materials  were 
applied. 
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Table  II.— Results  of  the  Oat  Experiment. 
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THE  AVAILABILITY  OF  THE  NITROGEN   IN  THE  SOLID  AND  IN  THE 
SOLID  AND  LIQUID  PORTIONS  Off  FRESH  MANURE. 

In  1899.  the  problem  was  more  complicated,  because  of  the 
varying  quantities  of  nitrogen  applied  in  the  manure.1  Such  was 
not  the  case,  however,  in  the  crop  under  consideration,  for  the 
amounts  of  nitrogen  applied  in  the  manure  were  practically  uni- 
form. In  every  case  where  manure  was  used,  enough  was  applied 
to  furnish  nitrogen  practically  equivalent  to  4  grams. 

i  Twenty-First  Annual  Report  N.  J.  Bxpt.  Sta. 
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.       1899. 
Series  3,  nitrogen  applied  =  3.32  grams. 

Series  3,  nitrogen  applied  =  5.25  grams. 

Recovered  in  crop,  3-  8.3  per  cent. 

Recovered  in  crop,  4-40.2  per  cent 

1900. 

Nitrogen  applied  =  4.05  grams. 
Nitrogen  applied  =  3.98  grams. 
Recovered  in  crop,  3- 10. 81  per  cent. 
Recovered  in  crop,  4-30.60  per  cent. 

It  appears,  then,  that  in  each  case  the  recovery  from  the  solid 
and  liquid,  combined,  was  greater  than  that  from  the  solid 
manure  alone.  However,  the  relations  are  not  quite  the  same,  for 
in  1899  the  recovery  from  the  solid  and  liquid  was  nearly  five  times 
that  from  the  solid  alone,  while  in  1900,  the  recovery  from  the 
solid  and  liquid,  combined,  was  not  quite  three  times  that  from  the 
solid  alone.  The  fact  that  the  comparative  recovery  was  greater 
from  the  solid  manure  alone,  indicates  that  the  greater  amounts  of 
moisture  rendered  greater  quantities  available.  As  with  the  re- 
sults of  1899,  it  *s  quite  evident  here  that  a  large  recovery  may  be 
expected  from  the  soluble  nitrogen  in  liquid  manures. 

The  greater  yield  of  dry  matter  over  check  (Series  2),  was  31 
per  cent,  for  the  solid,  and  97.6  per  cent,  for  the  solid  and  liquid. 
The  corresponding  figures  for  1899  were  35.9  per  cent,  and  228.8 
per  cent.  This  again  indicates  that  with  more  rain  the  solid 
manure  makes  a  better  showing.  It  should  be  borne  in  mind, 
nevertheless,  that  the  better  showing  for  the  solid  and  liquid 
manure  in  1899  was  due  in  a  measure  to  the  larger  application  of 
5.25  grams,  as  against  3.98  grams  in  1900. 

THE  AVAILABILITY  OF  THE  NITROGEN   IN  THE  SOLID  AND  IN   THE 

SOLID  AND  LIQUID  MANURE,  LEACHED. 

1899. 
Nitrogen  applied  in  leached  manures,  Series  5,    1.96  grams. 
"  "       "        "  '•  "     6,    4.52  grams. 

Recovered  in  crop "     5,    8.4per6ent. 

"     6,  13.8  per  cent 


ii  i«    t< 


1900. 

Nitrogen  applied  in  leached  manures,  Series  5,    3.99  grams. 
•■  "        "        •«  "  "      6,    4.04  grams. 

Recovered  in  crop "     5,    7.3S  per  cent. 

"     6,  22.06  per  cent. 
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The  differences  in  recovery  in  the  leached  manures  between  the 
solid  and  the  solid  and  liquid  portions,  are  not  as  great  as  in  the 
fresh  manures.  The  recovery  in  the  solid  leached  is  proportion* 
ately  somewhat  less  in  1900,  but  in  the  solid  and  liquid  leached  the 
recovery  in  1900  is  much  greater  than  that  in  1899.  In  the  pre- 
ceding year,  however,  the  recovery  in  the  leached  manures  is  less 
than  the  recovery  in  the  fresh  manures ;  while  the  differences  in 
recovery  between  the  solid  fresh  and  leached  are  slight,  the  differ- 
ences between  the  solid  and  liquid,  leached  and  fresh,  are  more 
considerable. 

As  to  the  dry  matter  produced,  following  are  the  figures : 

1899.  1900. 

Series  5. ...  20.9  per  cent.  Series  5. ...  15.7  per  cent. 

Series  6*. ••  83.3  per  cent.  Series  6....  57.7  per  cent. 

It  appears  from  these  that  in  1899,  the  increased  yield  over  the 
check  plot  was  greater  in  the  case  of  the  solid,  and  of  the  solid  and 
liquid,  leached.  Also,  here  it  is  evident  that  the  differences  in 
yield  from  the  solid  and  the  solid  and  liquid,  leached,  are  not  as 
great  as  they  were  in  1899.  Furthermore,  the  dry  matter  produced 
from  the  solid  manure,  leached,  is  proportionately  richer  in  nitro- 
gen than  the  dry  matter  produced  from  the  solid  and  liquid 
manure,  leached.    This  is  true  for  both  1899  and  1900. 

THE  RELATIVE  AVAILABILITY  OF  THE  NITROGEN   IN   THE  FORM   OF 

> 

NITRATE,  AMMONIA,  AND  OF  ORGANIC  MATTER  IN  DRIED  BLOOD. 

The  same  amounts  of  nitrate  nitrogen,  of  ammonia  and  of 
organic  nitrogen,  as  dried  blood,  were  applied  on  the  several  series, 
as  in  the  years  1898  and  1899.  Series  8, 10, 12, 14  and  16  received 
each  the  double  quantity,  that  is,  an  amount  of  sodium  nitrate  con- 
taining 1.55  gram  of  nitrogen.  Series  7  received  0.78  gram  of 
nitrate  nitrogen.  On  17  and  18,  enough  ammonium  sulphate  and 
dried  blood,  respectively,  were  applied  to  furnish,  approximately, 
the  double  nitrate  quantity  of  1.55  grams  of  nitrogen.  The  basis 
of  comparison,  therefore,  will  be  Series  8.  As  in  1899,  the  pro- 
portionate recovery  from  Series  8  is  slighter  than  that  from  Series 
7.  The  differences,  however,  are  somewhat  smaller.  The  amounts 
recovered  for  7  and  8  are  75.8  per  cent,  and  69.0  per  cent.,  respec- 
tively, the  corresponding  figures  for  1900  being  80.43  an(*  76.30 
per  cent.  It  would  seem  that  the  heavy  showers  in  1900  did  not 
wash  the  nitrate  beyond  the  reach  of  the  crop.    The  dry  matter  in 
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1900,  as  was  also  the  case  in  1899,  is  richer  in  nitrogen  on  Series  8. 
In  1899  it  was  1.268  per  cent,  for  Series  7,  and  1.330  per  cent,  for 
Series  8,  and  in  1900,  1.072  per  cent,  for  Series  7,  and  1.199  per 
cent,  for  Series  8.  The  absolute  amount  of  nitrogen  taken  out  is, 
naturally  enough,  greater  on  Series  8  than  it  is  on  Series  7.     In 

1899  it  was  1.422  grams  on  7,  and  1.901  grams  on  8 — a  greater 
proportionate  increase  on  7,  and  a  greater  absolute  increase  on  8. 

The  dry  matter  on  Series  17 ',  where  ammonium  sulphate  was 
used,  is  richer  in  nitrogen  than  the  dry  matter  on  Series  18,  where 
dried  blood  was  used.  The  corresponding  figures  are  1.171  per 
cent,  for  17,  and  1.679  P^T  cent-  *or  l%»  in  1900,  as  compared  with 
1.394  per  cent,  for  17  and  1.366  per  cent,  for  18,  in  1899.  It  will 
be  noticed  that  the  differences  are  slighter  in  1899.  The  per- 
centage of  nitrogen  recovered  is  greater  from  the  ammonia  than  it 
is  for  the  dried  blood,  which  is  in  agreement  with  the  results  of 
1899.  As  with  the  nitrate,  the  percentage  recovery  from  the 
ammonium  sulphate  and  from  the  dried  blood  was  greater  in  1900. 
The  recovery  in  1899  was  50.3  for  the  ammonium  sulphate,  and 
40.4  per  cent,  for  the  dried  blood.    The  corresponding  figures  for 

1900  are  68.84  P*r  cent-  an<l  52.15  per  cent. ;  also  due,  no  doubt,  to 
a  more  generous  supply  of  moisture.  It  thus  follows  that  the 
availability  of  the  ammonia  and  blood  nitrogen  was  increased  by 
the  greater  precipitation.  It  is  interesting  to  note  here  that  the 
recovery  from  the  dried  blood  in  1900  was  greater  than  that  from 
the  ammonium  sulphate  in  1899,  both  relatively  and  absolutely. 

THE  EFFECT  OF  THE  USE  OF  THE  SOLID  AND  OF  THE  SOLID  AND 

LIQUID  PORTIONS  OF  COW  MANURE,  FRESH  AND  LEACHED, 

WITH  NITROGEN  IN  THE  FORM  OF  NITRATE,  OF 

AMMONIA  AND  OF  ORGANIC  MATTER. 

The  object  of  these  combinations  was  not  alone  the  study  of  the 
availability  of  the  different  forms  of  nitrogen  when  applied 
together,  but  also  to  determine  whether  the  nitrogen  of  the 
nitrates  applied  as  such,  or  formed  from  the  materials  ap- 
plied, would  be  set  free  by  the  deoxidizing  action  of  cer- 
tain bacteria.1  As  in  previous  years,  the  clear  manure,  free  from 
any  admixture  of  litter  was  used,  and  the  amount  of  manure 
applied  was  in  no  case  much  greater  than  that  applied  in  actual 
practice. 

1  N.  J.  SU.  Rep.,  1899,  pp.  97-101 ;  1900,  pp.  100-102. 
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By  applying  the  different  forms  singly  and  also  in  combination, 
it  becomes  possible  to  determine,  not  only  the  comparative  avail- 
ability, but  also  the  extent  of  denitrification,  if  any  should  take 
place.  The  results  of  1898,  and  of  1899,  have  shown  clearly  that, 
thanks  to  the  combination,  the  nitrogen  in  the  different  forms  is 
even  more  efficient  than  where  these  forms  are  used  singly.  The 
reason  for  this  we  must  seek  in  the  fact  that  no  single  form  is  so 
well  adapted  to  nourish  the  plant  continually  and  uniformly  as  are 
the  proper  combinations.  Such  uniform  feeding  not  only  enables 
a  uniform  and  healthy  growth,  but  it  also  makes  possible  a  more 
thorough  utilization  of  the  plant  food  made  available  by  providing 
a  better  root  system.  It  should  also  be  remembered  that  the 
character  of  the  season  is  an  important  factor  in  determining  the 
relative  availability  of  the  different  forms  of  nitrogen.  A  more 
abundant  supply  of  moisture  will  tend  to  increase  the  availability 
of  the  organic  forms  and  will  also  tend  to  increase  to  a  still 
greater  extent,  proportionately,  the  availability  of  the  nitrogen  in 
the  different  combinations.  However,  while  the  tendency  is  there, 
the  combinations  do  not  always  show  a  proportionate  increase  over 
the  forms  used  singly.  The  following  table  shows  the  actual 
average  percentage  recovery  of  nitrogen,  when  the  materials  fur- 
nishing it  were  used  singly,  as  well  as  when  they  were  used  in 
combination,  together  with  the  percentage  increase  of  nitrogen 
from  combinations  of  two  materials,  calculated  from  the  increase 
obtained  when  they  were  used  singly. 

The  difference  between  the  percentage. of  nitrogen  actually  re- 
covered and  the  percentage  recoverable,  calculated,  represents  the 
losses  due  to  all  causes ;  the  difference  is  expressed  in  percentage 
in  the  last  column.  It  appears  that  in  1900,  the  percentage  recov- 
ery was  greater  in  nine  out  of  eighteen  series,  and  of  these  nine, 
six  were  in  series  where  the  materials  applied  were  used  singly. 
This  is  particularly  true  of  6,  7,  8,  17  and  18.  On  the  other  hand, 
the  percentage  recovery  is  greater  in  1899,  in  the  series  where  the 
combinations  of  the  different  forms  were  used,  that  being  espe- 
cially noticeable  in  Series  10,  11,  12,  13  and  14.  While  it  may 
be  assumed  that  the  greater  availability  of  the  nitrate,  ammonia 
and  dried  blood  was  due  in  1900  to  a  greater  abundance  of  mois- 
ture, it  is  more  difficult  to  determine  the  causes  that  were  respon- 
sible for  a  slighter  percentage  of  recovery  on  the  series  where 
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Tablb  III. 
1899. 


1900. 

— «*■  — ■ 


ft. 


• 
a 


I 

A 


Solid  manure,  fresh.  3 
Solid  and  liquid,  fresh  4 

Solid,  leached 5 

Solid     and     liquid, 

leached 6 

Sodium  nitrate  ...     7 

Sodium  nitrate 8 

Ammonium  sulphate  17 
Dried  blood 18 

7  and  3  in 9 

8  and  3  in 10 

7  and  4  in 11 

8  and  4  in 12 

7  and  5  in 13 

8  and  5  in 14 

7  and  6  in 15 

8  and  6  in 16 

17  and  5  in 19 

18  and  5  in 20 


Is 

u 


nit 

ml 

1881 

z 


II 


i 

11 


lis! 

I§8B 


Percent.  Percent.  Percent. 

8.3  • • •  •  • •  •  • 

aO*  2  •  •  •  •  •••• 

o»4  •  •  •  •  •  ■  •  • 


13.8 
75.8 
69.0 

50.3 
40.4 

16.4 

29.4 

46.5 
46.8 

21.3 

35.' 

2X.6 

29.1 

27.9 
23.3 


21.12 

2759 
44.74 
46.7I 

27.59 

35- 15 
22.92 

27.89 

2735 
22.51 


22.2 


23.0 


58 


Per  cent  Per  cent.  Percent. 

IO.oI  . • •  •  • • • 

30.00        •  •  •  •  ••• 

7.30  •  •  •  •  •  •  - 

22. OO    •  • « •  •  •  • 

0O.43     ....  •  •  • 

76.3O    •  •  « •  • • • 

08.84    .  •  • »  ■  • • 

52.15     ••••  ••* 

I9.97  22.IO  9.64 

2799  28.95  3.32 

41.43  38.76 

44.68  43.42 

1750  19-33  9-47 

24.25  26.68  9. 1 1 

31.71  31.41 

38.32  37.10 

20.63  24.24  14.89 

19.20  19.56  1.84 


combinations  were  used.  It  is  questionable  in  just  how  far  the 
difference  may  be  attributed  to  leaching  in  1900,  for  the  fact  that 
the  recovery  from  the  double  quantity  of  nitrate  on  Series  8  was 
greater  in  that  year  than  was  the  case  in  1899,  would  indicate  that 
but  little,  if  any,  of  the  nitrate  nitrogen  was  washed  beyond  the 
reach  of  the  plant  roots.  The  differences  in  the  amount  of  nitro- 
gen applied  may  have  had  something  to  do  with  it ;  even  that  is 
questionable,  for  the  percentage  recovery  was  slighter  in  1900  on 
Series  11  and  12,  where  more  nitrogen  was  applied  in  1899,  as  well 
as  on  Series  13  and  14,  where  more  nitrogen  was  applied  in  1900. 
It  is  possible  that  the  differences  were  due  to  denitrification,  still 
for  the  present  this  is  only  surmise. 

As  it  is,  the  percentage  of  nitrogen  recovered  in  1900  exceeds 
the  calculated  recovery  in  four  cases  out  of  ten.  They  are  Series 
11,  with  a  recovery  of  41.43  per  cent.,  calculated  38.76  per  cent.; 
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Series  12,  with  a  recovery  of  44.68  per  cent.,  calculated  43.42  per 
cent.;  Series  15,  with  a  recovery  of  38.32  per  cent.,  calculated 
37.10  per  cent.  In  Series  15  and  16,  where  leached  manure  was 
used  with  nitrate,  the  percentage  of  nitrogen  recovered  differs  to  a 
greater  extent  from  that  of  1899.  The  figures  for  1889  were  2I-6 
per  cent,  and  29.1  per  cent.,  as  against  31.71  per  cent,  and  38.23 
per  cent,  in  1900.  The  losses  varied  from  1 .84  per  cent,  on  Series 
20,  to  14.89  per  cent,  on  Series  19.  In  1899  the  maximum  loss 
was  23  per  cent,  on  Series  13 — the  minimum  loss,  5.8  per  cent,  on 
Series  15. 

That  the  season  has  much  to  do  with  the  production  and  trans- 
formation of  plant  food  in  the  soil  is  brought  out  very  graphically 
in  the  following  columns,  where  the  availabilities  of  the  several 
nitrogenous  substances  are  compared. 

Table  IV. 

OaU  and  Oats  and 

Corn.  Oats.         millet         Oats.  corn. 

1898.  1899.  1899.  1900.  1900. 

Sodium  nitrate 100.0  100.0  100.0  1000  100.0 

Ammonium  sulphate 99.5  72.9  77.9  90.22  87.75 

Dried  blood 95.4  58.5.  61.3  68.35  73.07 

Solid  manure,  fresh 16.76  12.0  43. 1  14. 16  26.36 

Solid  manure,  leached 37.87  12.1  46.4           9.67  21.99 

Solid  and  liquid,  fresh 49.66  58. 2  88.4  40. 10  5 1 .46 

Solid  and  liquid,  leached  •  •  50.38  20.0  33.0  28.91  35.91 

As  was  already  pointed  out  in  the  report  of  1900,1  the  superi- 
ority of  the  solid  and  liquid  manure  over  the  solid  manure  is 
brought  out  strikingly.  Moreover,  it  appears  from  the  later 
results  that  the  solid  manure,  fresh,  if  anything,  is  superior  to  the 
solid  manure,  leached,  which  is  contrary  to  what  could  be  drawn 
from  the  results  obtained  in  1898..  In  1899,  the  solid  fresh,  and 
the  solid  leached,  showed  the  same  rate  of  availability.  In  1900, 
the  solid  fresh,  in  the  oat  crop  alone,  and  in  the  oats  and  corn 
taken  together,  showed  a  higher  rate  of  availability.  Similarly,  in 
the  case  of  the  solid  and  liquid,  fresh  and  leached,  the  availability 
was  practically  the  same  in  1898.  It  was  higher  for  the  fresh  in 
1899,  and  also  in  1900. 

RESULTS  OF  THE  CORN  EXPERIMENT — RESIDUAL  EFFECTS. 

The  oats  were  harvested  on  July  6th.  A  few  days  later  the  soil 
in    each   cylinder   was   dug   up,   and   thoroughly   stirred.     One 

1  N.  J.  Sta.  Rep.,  1900,  p.  103. 
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hundred  kernels  of  corn  were  planted  in  each  cylinder  with  the 
twofold  object  of  exhausting  the  nitrogen  left  over  from  the  crop 
just  harvested,  and  also  of  determining  the  influence  of  the  resid- 
ual nitrogen  on  plant  growth.  In  using  a  considerable  quantity 
of  seed,  it  was  intended  to  make  the  exhaustion  more  rapid  and 
complete,  and  at  the  same  time,  to  insure  greater  uniformity  of 
assimilation  by  eliminating,  to  a  great  extent,  the  influence  of 
defective  individual  plants.  By  this  means  the  average  is  made 
more  truly  representative. 

Tabu  V.— Results  of  the  Corn  Experiment. 
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0.649 

O.640 

O.624 
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Table  VI.— Amount  of  Residual  Nitrogen  and  Proportion 


Recovered. 

Millet,  1899. 

Taken  out 
by  the 
oats. 

Corn,  1900. 

Residual 

nitrogen. 

Grams. 

8eries 

Taken  out 

by  the 

oaU. 

Residual 

nitrogen. 

Grams. 

Average  per 
cent,  of  re- 
tidmal  ni- 
trogen re- 
covered. 
Percent. 

Average  pei 

cent,  of  re- 
sidual ni- 
trogen re- 
covered. 
Percent. 

1 

•  •  • 

•  •  • 

•  •  ■ 

•  ■  •  • 

•  •  • 

2 

•  •  • 

•  •  • 

•  •  • 

•  •  •  • 

•  •  • 

•  •  •  • 

3 

8.3 

3.04 

17.5 

IO.81 

3.61 

IO.02 

4 

40.2 

3'U 

159 

30.60 

2.76 

11.75 

5 

8.4 

I.80 

19.2 

738 

370 

9.86 

6 

138 

390 

5-5 

22.06 

3.15 

6.25 

7 

75.8 

O.19 

•  •  • 

80.42 

O.16 

•  •  •  • 

8 

69.0 

O.48 

•  •  • 

76.30 

0.37 

•  •  ■  ■ 

9 

16.4 

3.43 

12.7 

19.97 

387 

9.91 

IO 

«9-4 

3-44 

17.8 

27.99 

403 

IO.80 

ii 

46.5 

3-23 

16.8 

41.43 

2.79 

II.56 

12 

46.8 

3.61 

21.8 

44.68 

3.06 

12.92 

13 

21.3 

2.16 

6.8 

I7.50 

3.94 

II.42 

14 

35.1 

2.28 

10.6 

24.25 

4.19 

9.03 

15 

21.6 

4.16 

59 

31.71 

3.29 

IO.66 

16 

29.1 

4.31 

6.9 

38.32 

3  44 

8-95 

17 

50.3 

0.81 

•  •  • 

68.84 

o.47 

■  •  •  • 

18 

40.4 

0.92 

•  •  • 

52.15 

0.71 

5-48 

19 

27.9 

2.58 

7.5 

20.63 

4.38 

8.08 

20 

23.3 

2.69 

11. 1 

19.20 

443 

9.02 

Average  2.56  12.6  2.91  9.17 

The  figures  again  bring  out  the  facts  already  noted  in  1899. 
In  all  cases  where  manure  had  been  applied,  the  plants  were 
enabled  to  secure  a  larger  amount  of  nitrogen  than  those  on  the 
check  plot.  More  than  that,  the  series  where  solid  manure  alone 
was  applied,  yielded  more  nitrogen  in  the  residual  crops,  as  com- 
pared with  the  series  on  which  solid  and  liquid  manure  was 
applied.  On  the  other  hand,  there  was  no  gain  over  the  check 
plot  from  the  sodium  nitrate  and  ammonium  sulphate;  in  fact, 
there  was  even  a  slight  loss.  In  the  case  of  the  dried  blood,  there 
was  a  small  gain  over  the  check  plot.  Hence  it  may  be  said  here 
that  there  was  no  residual  effect  from  the  nitrate  and  the  ammonia, 
and  a  very  slight  effect  from  the  dried  blood.  Owing  to  a  more 
uniform  germination  of  the  seed,  the  corn  produced  results  also 
more  uniform  as  compared  with  the  millet  of  1899.  It  will  be 
observed  that  the  yield  of  nitrogen  on  Series  2  was  even  slighter 
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than  that  on  Series  i,  differing  in  this  respect  from  the  millet. 
Also  this  crop  shows  a  percentage  of  nitrogen  higher  than  the 
average  in  the  dry  matter  on  all  of  the  series  where  there  was  not 
residual  effect,  as  well  as  on  the  first  two  series,  where  no  nitrogen 
was  applied.  Of  the  residual  nitrogen,  proportionately  less  was 
recovered  in  1900.  There  was,  on  the  average,  2.56  grams  of 
residual  nitrogen  in  each  series  in  1899,  and  2.91  grams  in  1900. 
Of  that,  there  was  recovered  12.6  per  cent,  in  1899,  and  9.71  per 
cent,  in  1900.  The  last  figures  represent  the  average  per  cent, 
recovery  from  fourteen  series  in  1899  and  from  fifteen  in  1900. 

THE    AVAILABILITY   OF   THE   RESIDUAL    NITROGEN    IN    THE    SOLID 
AND  IN  THE  SOLID  AND  LIQUID  PORTIONS  OF  FRESH  * 
MANURE,  AND  ALSO  OF  LEACHED  MANURES. 

In  1899  there  were  3.04  grams  of  residual  nitrogen  on  Series  3, 
and  3.14  grams  on  Series  4,  when  the  oats  were  harvested.  In 
1900,  there  were  3.61  grams  of  residual  nitrogen  on  Series  3,  and 
2.76  grams  on  Series  4.  Of  that  nitrogen,  there  was  recovered  by 
the  millet  17.8  per  cent,  on  Series  3,  and  15.9  per  cent,  on  Series  4, 
while  the  corn  recovered  10.02  per  cent,  on  Series  3  and  11.75  per 
cent,  on  Series  4.  It  appears  that  the  recovery  in  1899  was  greater 
than  that  in  1900,  and  furthermore  the  solid  manure  does  not  make 
as  good  a  showing  in  1900,  as  compared  with  the  solid  and  liquid 
manure.  This  is  applicable  to  both  the  fresh  and  leached  manure. 
Thus  the  recovery  from  the  solid  and  liquid  manure,  fresh,  was 
greater,  relatively  than  the  recovery  from  the  solid  manure,  which 
is  contrary  to  the  experience  of  1899.  However,  Tables  VII  and 
VIII  show  that  the  absolute  amounts  of  nitrogen  furnished  by  the 
solid  manure  to  the  residual  crops  are  greater  than  those  supplied 
by  the  solid  and  liquid  portions.  The  same  is  true  of  the  leached 
manures.  The  solid  portion  yielded  in  1899,  1.398  grams  of  nitro- 
gen, and  the  solid  and  liquid  portions  yielded  in  T899,  1.269  grams. 
The  corresponding  figures  for  1900  are  1.158  grams  for  the  solid, 
leached,  and  0.991  gram  for  the  solid  and  liquid,  leached.  In  5 
and  6  the  residual  nitrogen  was,  in  1899,  1.80  grams  and  3.9^ 
grams,  respectively,  and  of  that  there  was  recovered  19.2  per  cent. 
for  5,  and  5.5  per  cent,  for  6.  In  1900  the  residual  nitrogen 
amounted  to  3.70  grams  in  5,  and  3.15  per  cent,  in  6,  and  of  that 
there  was  yielded  in  the  corn  9.86  per  cent,  for  5,  and  6.25  per  cent. 
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Table  VII. —Nitrogen  in  thb  Corn  of  1900— The  Study  of  Residual 

Effects. 


Series. 
I 

2 
1 

w 

4 

5 
6 

7 
8 

9 
10 

11 

13 

13 

14 

15 
.  16 

17 
18 

19 
20 

Table  VIII. — Nitrogen  in  the  Millet  of  1899— The  Study  of  Rk- 

sidual  Effects. 

1  1.000  2.514 

2  1.052  1.223 

3  1582  1. 176 

4  1.558  1. 160 

5  1.398  1.239 

6  1.269  1.322 

7  0.878  1.304 

8  0.854  1.425 

9  M87  1. 441 

10  1. 661  1.234 

11  1.598  1.291 

12  1.834  1. 132 

13  1. 199  1. 143 

14  1.292  1. 115 

15  1.296  1.256 

16  1.347  1.409 

17  0.948  1.301 

18  0.961  f  1.305 

19  1245  1.283 

20  1.352  1.493 


Average  weight  of 

nitrogen  in  crop. 

Grams. 

Average  per  cent,  of 

nitrogen  in  crop. 

Per  cent. 

O.858 

O.667 

0.794 

O.629 

1. 157 

O.608 

1. 114 

O.622 

1. 158 

O.609 

O.991 

O.653 

0.73I 

0:668 

0.774 

O.64I 

I.177 

O.629 

I.223 

O.584 

1. 114 

O.619 

I.178 

0.6l  I 

1-243 

O.565 

1.172 

0.594 

I.I43 

O.615 

I.097 

O.592 

0.748 

0.666 

0.834 

O.662 

1. 147 

O.659 

1.193 

0.678 
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for  6.  As  in  the  previous  year,  the  varying  amounts  of  residual 
nitrogen  rendered  the  problem  more  complicated;  for  all  that, 
it  appears  that  the  greater  the  proportionate  amount  of  soluble 
nitrogen  in  the  manure  applied,  the  smaller  the  amount  of  nitrogen 
recovered  in  the  residual  crop.  Of  the  manure  applied  in  1899, 
there  was  contained  in  the  solid  portion  0.220  per  cent,  of  soluble 
nitrogen.  The  residual  crop  obtained  from  Series  3,  on  the  aver- 
age, 1.582  grams  of  nitrogen  and  from  Series  4,  on  the  average, 
1.558  grams  of  nitrogen,  notwithstanding  the  fact  that  there  was 
applied  on  Series  4,  5.25  grams  of  nitrogen  as  against  3.32  grams 
on  Series  3.  Similarly  in  1900,  the  solid  portion,  fresh,  contained 
0.066  per  cent,  of  soluble  nitrogen,  and  the  solid  and  liquid 
portion,  fresh,  0.269  Per  cent-  °*  soluble  nitrogen.  The  residual 
crop  obtained  from  Series  3,  1.157  grams  of  nitrogen  and  from 
Series  4,  1.114  grams  of  nitrogen;  the  same  relations  hold  true, 
even  more  markedly,  in  the  leached  manures.  The  reason  for  the 
above  is  quite  apparent  if  we  consider  that  it  is  the  soluble  nitrogen 
in  the  manure  that  is  rapidly  changed,  and  having  once  undergone 
the  change  it  is  like  nitrate  in  that  it  is  largely  lost  to  the  crop  if 
not  taken  up  within  a  short  time.  The  figures  clearly  indicate 
that  there  is  no  residual  effect  from  the  nitrate,  and  hence  the  more 
rapidly  a  given  manure  is  nitrified,  the  smaller,  everything  else 
being  equal,  will  be  its  residual  effect.  It  should  also  be  noted 
here,  that  in  the  case  of  the  solid,  leached,  the  residual  crop 
appropriated  more  nitrogen  than  the  first  crop.  This  is  true  of 
both  the  millet  and  the  corn.  Subtracting  the  amount  of  nitrogen 
obtained  from  the  check  plots  we  find  that  the  oats  in  1900  ob- 
tained from  the  solid  manure,  leached,  0.295  gram  of  nitrogen, 
while  the  corn  following  the  oats  obtained  from  the  residue  0.364 
gram  of  nitrogen.  Similarly /the  oats  in  1899  obtained  from  Series 
5,  0.165  gram  of  nitrogen,  while  the  millet  following  the  oats 
obtained  0.346  gram  of  nitrogen. 

THE  AVAILABILITY  OF  THE  RESIDUAL  NITROGEN   IN  THE  FORM   OF 
NITRATE,  AMMONIA,  AND  OF  ORGANIC  MATTER  IN  DRIED  BLOOD. 

It  was  already  noted  that  from  the  nitrate,  both  5  and  10  grams, 
and  from  the  ammonia,  no  residual  effect  was  obtained.  The  yield 
of  nitrogen  on  Series  2  was  0.799  gram.  On  Series  7,  where  5 
grams  of  nitrogen  were  applied,  the  yield  was  0.731  gram,  and  on 
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Series  8,  with  the  double  quantity  of  nitrate,  the  yield  of  nitrogen 
in  the  crop  was  0.774  gram,  so  there  was  actually  less  nitrogen 
gathered  by  the  residual  crop  from  7  and  8  than  there  was  frorathe 
blank  series.  A  similar  observation  was  made  in  1899,  and  the 
explanation  seems  to  be  that  with  the  aid  of  the  minerals  and  the 
nitrate,  stronger  plants  are  developed  on  7  and  8  than  there  are  on 
2,  and  these,  because  of  their  better  developed  root  system,  are 
enabled  to  get  more  nitrogen  out  of  the  soil  itself  and  thus  leave 
it  poorer.  This  view  is  supported  by  a  comparison  of  the  yields  on 
Series  1  and  2.  It  will  be  noticed  that  the  residual  corn  crop  ob- 
tained more  nitrogen  from  Series  1  than  it  did  from  Series  2. 
Now,  no  nitrogen  has  been  added  to  either  for  three  years,  but 
minerals  were  applied  on  Series  2,  and  these  enabled  the  crops  to 
withdraw  more  nitrogen  from  the  soil  as  a  study  of  the  analytical 
data  will  show.  In  like  manner,  on  Series  17  there  was  no  residual 
effect,  and  the  nitrogen  gathered  by  the  corn  was  only  0.748  gram 
less  than  that  obtained  from  Series  2.  Above  all  things  it  seems 
clear  that  no  residual  effect  need  be  expected  from  ammonium 
sulphate.  It  should  be  remembered  that  the  residual  crops 
were  planted  within  a  few  days  after  the  oat  crops  were  harvested. 
On  Series  18  there  was  a  slight  gain  over  Series  2,  indicating  that 
there  was  at  least  a  small  residue  of  nitrogen  left  for  the  corn.  In 
1899  no  such  effect  was  observed  on  18,  and  should  further  expe- 
rience prove  that  there  is  some  residual  effect  from  dried  blood  it 
can  by  no  means  be  very  great.  Hence,  as  in  1899,  we  are  c011" 
fronted  by  the  fact  that  although  but  52.15.  per  cent,  of  nitrogen 
was  recovered  from  the  amount  applied  as  dried  blood,  but  68.84 
per  cent,  from  that  applied  as  ammonium  sulphate,  and  but  76.30 
per  cent,  from  that  applied  as  nitrate,  no  further  benefit  to  suc- 
ceeding crops  need  be  expected  from  those  particular  applications. 
If  anything,  the  availability  of  these  three  forms  of  nitrogen  was 
slightly  exaggerated  because  of  the  greater  amounts  of  nitrogen 
taken  out  of  the  soil  with  their  cooperation,  nitrogen  that  was 
credited  to  them. 

THE  EFFECT  OF  THE  USE  OF  THE  SOLID  AND  OF  THE  SOLID  AND 
LIQUID  PORTIONS  OF  COW  MANURE,  FRESH  AND  LEACHED, 
ALONE,  AND  WITH  NITROGEN  IN  THE  FORM  OF  NI- 
TRATE, OF  AMMONIA  AND  OF  ORGANIC  MATTER. 

In  the  table  submitted  below  are  given  the  amounts  of  nitrogen 
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applied,  the  percentage  of  the  applied  nitrogen  recovered  in  the 
residual  crop,  the  residual  nitrogen  after  that  crop,  and  the  per- 
centage of  nitrogen  obtained  from  the  residue  by  the  residual  crop. 


Table  IX. 

cries. 

Total  nitrogen 
applied.  . 
Grams. 

Nitrogen 
recovered* 
Percent. 

Hfsidual 
nitrogen. 
Grams. 

Nitrogen 
recovered. 
Percent 

3 

4.05 

8.96 

3.61 

IO.02 

4 

398 

8.04 

2.76 

«.75 

5 

3.99 

9.12 

3-70 

9.86 

6 

4.04 

4.88 

3.15 

6.25 

7 

O.78 

•  a  . 

O.16 

• . . 

8 

1.55 

•  •  • 

0.37 

•  • . 

17 

I.52 

•  •   ' 

0.47 

•  • . 

18 

1.49 

2.68 

0.7I 

5.48 

9 

4.83 

793 

3*7 

9.91 

IO 

5.60 

7.66 

4.03 

IO.80 

II 

4.76 

6.72 

2.79 

II.56 

12 

553 

6-94 

3.06 

12.92 

'3 

4.77 

9-41 

3.94 

II.42 

14 

£•54 

6.80 

4.19 

9-03 

15 

4.82 

7.24 

329 

10.66 

16 

5.59 

5.42 

3*44 

8.95 

«9 

5.51 

6.41 

4.38 

8.08 

20 

5.48 

7.28 

443 

9.02 

The  relations  pointed  out  in  the  last  report  largely  hold  true  also 
this  year.  The  recovery  in  the  combinations  does  not  differ  much 
from  the  recovery  in  the  manures  alone,  which  might  be  expected, 
since  the  dried  blood  shows  but  a  very  slight  residual  effect.  It 
should  again  be  emphasized  here  that  the  tabulated  figures  show 
less  favorably  for  the  manures  used  in  combination  than  is 
actually  the  case,  for  as  a  matter  of  fact  the  recovery  from  the 
nitrate  plots  was  less  than  from  Series  2,  which  was  used  as  the 
standard  of  comparison.  In  1899  the  solid,  leached,  showed  the 
greatest  variation  in  recovery,  the  figures  being  19.2  per  cent,  for 
5,  and  only  6.8  per  cent,  and  10.6  per  cent.,  respectively,  for  13  and 
14.  In  1900  the  results  are  more  uniform.  The  recovery  for  5 
is  9.86  per  cent,  of  the  residual  nitrogen  (Table  IX),  while  the 
average  recovery  from  13,  14,  19  and  20,  where  5  was  used  in 
combination  with  7,  8,  17  and  18,  is  9.37  per  cent.  Similarly  the 
recovery  from  3.  is  10.02  per  cent.,  and  the  average  recovery  from 
9  and  10  is  10.35  ?*T  cent*  The  recovery  from  4  is  1 1.75  per  cent., 
and  the  average  recovery  from  11  and  12  is  12.24  per  cent.    In 
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Series  6  the  recovery  was  6.25  per  cent.,  while  the  average  re- 
covery in  15  and  16  was  9.80  per  cent.,  showing  a  considerable 
increase  for  the  two,  an  increase  that  was  not  quite  as  marked  in 
1899.  The  maximum  residual  recovery  was  12.92  per  cent,  in 
Series  12;  the  minimum  residual  recovery  was  548  per  cent,  in 
Series  18.  In  1899,  the  maximum  residual  recovery  was  21.8  per 
cent,  in  12,  and  the  minimum  residual  recovery  5.5  per  cent,  in  6. 

THE  AVAILABILITY  OF  THE  NITROGEN  IN  THE  DIFFERENT  MATERIALS 
USED   WHEN   THE   COMBINED  RESULTS   OF  THE   TWO 
CROPS,  OATS  AND  CORN,  ARE  CONSIDERED. 

Because  of  a  more  favorable  season,  the  availability  of  the 
nitrate,  ammonia,  and  of  the  dried  blood,  was  higher  than  it  was  in 
1899.  Not  alone  was  there  a  greater  quantity  of  nitrogen  taken 
out  of  the  check  plots,  but  it  also  seems  that  on  the  nitrate,  am- 
monia and  dried  blood  plots,  there  was  a  proportionately  larger 
quantity  taken  out  of  the  soil.  This  assumption  is  justified  by  the 
results  obtained  from  the  residual  crops  on  the  series  named.  It 
follows  from  this  that  when  the  first  crop  is  taken  alone,  the  avail- 
ability of  the  three  forms  mentioned  is  placed  somewhat  above  its 
true  value.  On  the  other  hand,  the  exhaustion  of  the  humus  on 
these  series  would  modify  the  soil  to  such  an  extent  as  to  influence 
the  yields  appreciably.  It  is  for  these  reasons  that  the  returns 
from  the  combinations  cannot  be  expected  to  be  almost  exactly 
equal  to  the  sum  for  the  series  where  the  materials  are  used  singly. 
Aside  from  the  slight  discrepancies,  however,  the  agreements  are 
more  than  satisfactory.  * 

From  quick-acting  materials  immediate  returns  are  expected, 
and  no  residual  effects  are  looked  for.    Hence,  they  are  at  a  dis- 
advantage when  compared  with  slowly  decaying  organic  materials 
through  two  or  more  crops.     This  was  already  pointed  out  in  last 
year's  report.     It  was  also  noted  then  that  on  account  of  the 
smaller  returns  in  the  residual  crop  from  7,  8,  and  17  as  compared 
with  Series  2,  the  percentage  recovery  9f  these  materials  is  some- 
what lowered,  since  the  losses  shown  for  these  materials  in  the 
residual  crop  must  be  subtracted  from  the  gains  made  in  the  oat 
crops.    A  more  detailed  discussion  of  this  point  in  question  was 
presented  elsewhere.1    The  following  table  shows  the  percentage 
recovery  of  nitrogen  for  all  of  the  series  when  the  two  crops  are 

1  N.  J.  SU.  Rep.,  1900,  p.  108. 
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used  as  the  basis  of  calculating,  as  well  as  the  calculated  recovery 
of  those  series  where  the  combinations  of  materials  was  used. 


Table  X. 


Series. 

Solid  manure,  fresh 3 

Solid  and  liquid,  fresh  . . .  4 

Solid,  leached 5 

Solid  and  liquid,  leached*  6 

Sodium  nitrate 7 

Sodium  nitrate 8 

Ammonium  sulphate 17 

Dried  blood 18 

7  and  3  in 9 

8  and  3  in 10 

7  and  4  in 11 

8  and  4  in 12 

7  and  5  in 13 

8  and  5  in 14 

7  and  6  in 15 

8  and  6  in 16 

17  and  5  in 19 

18  and  5  in 20 


Nitrogen 
recovered. 
Per  cent. 

19.78 

38.61 

16.50 

26.94 

72.22 

75.03 
65.84 

54.83 
27.89 
35-66 
48.14 
51.62 
26.90 

3I.07 

38.95 
43-8o 

27.02 

26.48 


Calculated 

recovery. 

Per  cent. 


Nitrogen  not  re- 
covered in  the 
combinations 
of  materials. 
Percent 


28.94 

35.07 

44.14 
48.84 

25.60 
32.87 

34.25 
40.27 

30.  II 
26.92 


I.24 


•  •  * 


548 


IO.26 
I.63 


The  figures  show  that  in  six  cases  out  of  ten  there  was  a  gain  on 
the  combinations  over  the  sum  of  the  increase  on  the  materials 
when  they  were  used  singly.  Of  the  other  four,  9  and  20  show  but 
slight  differences,  and  may  be  disregarded,  and  on  14  and  19  the 
losses  were  5.48  and  10.25  P*1"  cent.,  respectively.  It  is  evident 
from  the  results,  that  there  was  no  denitrification,  and  this  con- 
firms the  experience  of  last  year. 


[Contribution  prom  the  Havemeybr  Laboratories,  Columbia  Uni- 
versity, No.  66.X 

ON  THE  COMPOSITION  OP  THE  PERROCYANIDES  OP  ZINC. 

By  Edmund  H.  Miller  and  J.  I*.  Danziqbr. 

Received  June  7,  190a. 

This  work  was  undertaken  to  determine  the  ratios  of  iron, 
potassium  and  zinc  in  the  potassium  zinc  ferrocyanides,  when  pre- 
cipitated under  certain  definite  conditions  in  view  of  the  contra- 
dictory statements  which  have  appeared  regarding  their  compo- 
sition.   The  precipitates  were  all  formed  in  large  beakers  in  the 
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cold,  using  zinc  sulphate  and  potassium  ferrocyanide.  When  zinc 
was  to  be  in  excess  ioo  grams  of  zinc  sulphate  and  50  grams  of 
potassium  ferrocyanide  were  used,  while  for  ferrocyanide  in  ex- 
cess 100  grams  potassium  ferrocyanide  to  50  grams  of  zinc  sul- 
phate were  taken.  They  were  lettered  to  correspond  with  those  of 
cadmium  described  in  this  Journal,  24,  226. 

DESCRIPTION  OF  PRECIPITATES. 

A.  Neutral  solution,  zinc  in  excess;  white  gelatinous  precipi- 
tate which  became  granular  on  washing. 

B.  Neutral  solution,  ferrocyanide  in  excess;  white  curdy  pre- 
cipitate settled  by  adding  magnesium  chloride. 

C.  Hydrochloric  acid  solution  containing  10  cc.  (sp.  gr.  1.2  per 
liter)  zinc  in  excess ;  bluish  white  curdy  precipitate. 

D.  Hydrochloric  acid  solution,  same  with  ferrocyanide  in  ex- 
cess ;  pure  white  curdy  precipitate. 

£.  Acetic  acid  solution  containing  10  cc.  (50  per  cent,  acetic  acid 
per  liter)  zinc  in  excess;  pure  white  flocculent  precipitate, 
changing  to  a  granular  form  after  a  few  washings. 

F.  Acetic  acid  solution,  same  with  ferrocyanide  in  excess; 
white  precipitate  which  settles  badly. 

G.  Ammoniacal  solution,  zinc  in  excess;  formed  by  adding 
ferrocyanide  to  a  solution  of  zinc  hydroxide  in  ammonia,  pure 
white  and  settled  well. 

H.  Ammoniacal  solution,  ferrocyanide  in  excess ;  made  in  same 
way  but  settled  very  badly. 

7.  Zinc  acetate  and  potassium  ferrocyanide;  no  free  acid  was 
added  but  as  the  zinc  acetate  contained  a  trace  of  acetic  acid  the 
conditions  were  between  A  and  £. 

In  general  the  precipitates  were  very  difficult  to  wash  when 
ferrocyanide  was  in  excess,  but  the  addition  of  magnesium  chlo- 
ride helped  them  to  settle  so  that  the  most,  troublesome  was  clean 
when  washed  twenty-five  times.  They  are  all  soluble  in  concen- 
trated hydrochloric  acid. 

The  method  of  analysis  was  in  all  cases  the  same,  the  object 
being  to  get  the  ratio  between  zinc  and  iron,  but  in  some  cases, 
especially  when  magnesium  chloride  was  used  to  make  the  precipi- 
tates settle,  the  potassium  was  also  determined  to  confirm  the  iron- 
zinc  ratio. 
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Portions  of  the  moist  precipitate,  judged  to  contain  about'  1 
gram,  were  put  in  casseroles  and  about  50  cc.  of  hydrochloric  acid 
(sp.  gr.  1.2)  added ;  then  heated  till  completely  dissolved.  Twenty- 
five  cc.  of  nitric  acid  were  next  added  and  the  whole  evaporated 
nearly  to  dryness,  taken  up  with  hydrochloric  acid,  and  evaporated 
to  10  cc.  After  dijution  the  iron  was  separated  from  the  zinc  by 
one  basic  acetate  precipitation  and  two  precipitations  with  am- 
monia and  ammonium  chloride,  ignited  and  weighed  as  ferric 
oxide.  In  the  filtrate  the  zinc  was  precipitated  as  sulphide,  dis- 
solved in  hydrochloric  acid,  precipitated  as  ZnNH4P04  by 
(NH4),HP04  and  weighed  as  ZnaP2Or.  When  potassium  was 
also  to  be  determined  the  iron  and  zinc  were  taken  out  as  sulphide 
to  avoid  the  accumulation  of  ammonium  salts,  and  the  potassium 
finally  weighed  as  sulphate. 

RESULTS  OF  ANALYSES  OF  PRECIPITATES. 

All  the  analyses  were  made  in  duplicate  and  when  a  satisfactory 
agreement  was  not  obtained  the  work  was  repeated.  In  order  to 
save  space  only  the  final  results  are  given  in  the  following  table : 


Yrecipi* 
tate.  Remarks. 

A.    Two  weeks  after 


Ratio  found, 
Fe  :  K  :  Zn. 

I.5I 

1-59 

«-35 

1.49 


O.81 


precipitation  •• 

A.  After  standing  •  - 

B.  Fresh  precipitate 
B.    After  standing  . . 

B.  After   five  days11 

heating 1  :  1 .02  :  1.51 

C.         1  :   •••  :  1.50 

D 1  :   ...  :  1.40 

JS»         .•••••••••••        1  1    ...  11.51 

f 1  :   •••  :  1.43 

G.    Washed  with 

water 1:0:  2.46 

C.    Washed  with  am- 
monia       1  :   o    :  2.00 

H.        1:0:  1.97 

/.         1  :  ...  :  1. 51 


Corresponding 
formula. 

K.Zn.CFeCCN),), 
K4Zn8(Fe(CN)e)6 
K^Zn^FetCN),), 
K,Zn,(Fe(CN)6), 

KtZn,(Fe(CN),), 
K^FefCN),), 
K6Zn7(Fe(CN),)6 
K,Zn8(Fe(CN)s), 
KeZn^FetCN).).* 


Theoretical  ratio, 
Pe  :  K  :  Zn. 


I 
0.8 

1-33 
I 

I 

I 
1.2 

I 
1.2 


I.50 
I.60 

1.33 
I.50 

I.50 

I50 
I.40 

I.50 
I.40 


ZntFe(CN)e 

Zn,Fe(CN), 

K.Zn.FeCCN), 


1 
1 
1 


o 
o 
1 


2.00 
2.00 
1.50 


We  see  from  this  table,  ( 1 )  that  from  A  and  B,  the  composition 
changes  on  standing;  (2)  that  the  composition  of  the  precipitates 
is  entirely  different  from  what  Stone1  and  Van  Ingen  found  under 
similar  but  not  identical  conditions ;   (3)  that  in  hydrochloric  acid 

*  Tbia  Journal,  19,  544  (1897)- 
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solution,  with  zinc  in  excess  (C),the  results  agree  with  Wyrou- 
boff,1  DeKoninck  and  Prost,*  and  Miller  and  Mathews;1  with 
ferrocyanide  in  excess  (D),  the  results  agree  with  those  of  Miller 
and  Mathews  ;*  (4)  that  in  an  acetic  acid  solution,  the  composi- 
tion is  but  slightly  different  from  that  formed  in  a  hydrochloric 
acid  solutiori ;  this  explains  why  Galetti's*  titration  results  do  not 
agree  with  his  theory;  (5)  that  in  an  ammoniacal  solution,  the 
normal  ferrocyanide  is  precipitated,  whichever  is  in  excess  as 
given  by  Moldenauer,5  but  when  zinc  is  in  excess  zinc  hydroxide 
is  carried  down. 

In  order  to  show  whether  these  ferrocyanides  are  mixtures  of 
simple  ferrocyanides  or  whether  they  are  definite  compoundf,  a 
method  of  separation  must  be  employed.  Two  methods  are 
available,  one  mechanical  and  the  other  chemical.  It  was  noticed 
that  in  washing  the  precipitates  one  portion  would  always  settle 
well,  while  another  portion  would  invariably  remain  in  suspension. 

In  the  work  on  cadmium,  it  was  shown  in  one  case,  that  the 
composition  of  the  precipitate  that  remained  in  suspension  was 
CdK,Fe(CN)6.  This  fact  was  made  the  basis  of  an  attempt  at  a 
mechanical  separation.  A  large  amount  of  precipitate  was  made, 
in  a  large  bottle,  using  zinc  acetate  (/).  It  was  washed  without 
loss,  by  causing  the  entire  precipitate  to  settle  by  the  use  of 
strontium  nitrate.  It  was  then  analyzed  and  gave  the  ratio  of  zinc 
to  iron  of  1.51  :i.oo,  corresponding  to  Zn,K2(Fe(CN)e)1. 

After  the  strontium  nitrate  had  been  entirely  washed  out,  the 
precipitate  did  not  settle  well,  and  the  supernatant  liquid  had  a 
milky  appearance,  due  to  suspended  ferrocyanide.  This  superna- 
tant liquid  was  siphoned  into  a  second  large  bottle  and  allowed  to 
stand  over  night.  Fresh  water  was  poured  on  the  original  pre- 
cipitate, thoroughly  stirred  and  allowed  to  stand.  The  supernatant 
liquid  in  the  second  bottle,  which  was  still  of  a  milky  appearance, 
was  siphoned  into  a  third  bottle,  in  which  strontium  nitrate  was 
present.  This  caused  the  precipitate  to  settle  completely,  leaving 
a  clear  solution  above,  which  was  siphoned  off  and  rejected. 

The  residue  in  the  second  bottle  was  washed  by  the  supernatant 
liquid  from  the  first  bottle,  and  the  process  continued  until  a  suffi- 

*  Attn,  cks'm.  pkys.,  j,  II,  485  (1876). 

*  Cktm.  News,  7*.  6  (1897). 

*  This  Journal,  10,  547  (189?). 

«  Bull  Soc.  Cktm.,  II,  p.  83  (1864). 

*  Cktm.  Ztg.y  No.  14  (1891). 
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cient  amount  of  precipitate  had  collected  in  the  third  bottle  to  be 
analyzed.  The  residue  in  the  last  bottle  gave  the  ratio  of  zinc  to 
iron  1.50:1.00,  corresponding  again  to  Zn3K2(Fe(CN)6)2.  The 
residue  in  the  first  bottle  gave  the  same  ratio,  showing  that  no 
separation  was  effected. 

During  the  work  on  cadmium  ferrocyanides,  it  was  found  that 
when  a  complex  precipitate  was  treated  several  times  with  strong 
ammonia,  and  the  residue  analyzed,  it  gave  a  formula  correspond- 
ing to  the  normal  ferrocyanide,  Cd2Fe(CN)fl.  This  same  treat- 
ment was  applied  to  the  zinc  ferrocyanides. 

First  precipitate  (£)  was  treated  with  strong  ammonia  seven 
times  and  the  residue  analyzed.  It  gave  the  ratio  of  zinc  to  iron 
of  2:1,  corresponding  to  Zn2Fe(CN)e.  Then  precipitate  /  was 
treated  in  the  same  manner  and  both  the  residue  and  ammoniacal 
solution  were  analyzed. 

The  ammoniacal  solution  was  of  a  strong  yellow  color  and,  on 
dilution  with  water,  a  white  precipitate  separated,  and  as  the 
ammonia  evaporated,  more  precipitate  formed.  The  analysis  of 
the  residue  gave  the  ratio  of  zinc  to  iron  of  1.97: 1. 00,  correspond- 
ing to  Zn2Fe(CN)e.  The  analysis  of  the  precipitate  from  the  am- 
moniacal solution  gave  the  ratio  of  zinc  to  iron  of  1.97:1.00,  the 
same  as  the  residue.  The  latter  was  not  what  was  expected,  for, 
if  the  precipitates  are  mixtures  of  different  proportions  of 
ZiuFe(CN)e  and  ZnK2Fe(CN)6,  and  the  residues  gave 
Zi^FeCCN)*,  the  ammoniacal  solution  should  have  given 
ZnK,Fe(CN)6. 

The  fact  that  the  residue  from  treating  either  B  or  I  with  am- 
monia is  Zn,Fe(CN)e  agrees  with  the  results  on  cadmium,  but  we 
have  not  so  far  succeeded  in  obtaining  K2ZnFe(CN)6  either  as  a 
precipitate  or  from  the  ammoniacal  solution. 

After  finishing  this  article  it  seemed  so  important  to  obtain,  if 
possible,  the  compound  K2ZnFe(CN)0  that  two  more  precipita- 
tions were  made  in  neutral  solutions,  one  with  a  very  small  ex- 
cess of  zinc,  the  other  with  a  very  small  excess  of  ferrocyanide, 
thus  duplicating  as  closely  as  possible  the  conditions  under  which 
Stone  and  Van  Ingen  state  the  compound  to  be  formed, — as  we 
thought  we  might  have  had  too  great  an  excess  in  our  previous 
experiments.  The  precipitates  were  washed  and  analyzed  as 
usual.     The  ratios  were  Fe:Zn::  1.00:1.58  when  zinc  was  in  ex- 
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cess  and  1.00:146  when  the  ferrocyanide  was  in  excess.  These 
results  are  in  accord  with  those  given  on  page  825  and  are  at 
variance  with  those  of  Stone  and  Van  Ingen. 

As  the  solution  obtained  by  treating  the  zinc  ferrocyanides  with 
ammonia  undergoes  decomposition  with  the  formation  of  blue  pre- 
cipitates and  soluble  ferricyanides,  it  is  intended  to  continue  the 
investigation  of  the  action  of  ammonia  on  the  potassium  cadmium 
ferrocyanides  instead  of  on  the  zinc  salts. 

Quantitative  I*aboratory, 
June  4, 1903. 


ON  STANDARD  TARTAR  EHETIC  AND  ITS  STRUCTURAL 

FORilULA. 

By  P.  K.  Hale. 
Received  May  »j,  xooa. 

Gruener1  has  already  shown  that  tartar  emetic  solutions  con- 
taining about  16  grams  of  tartar  emetic,  20-30  grams  of  tartaric 
acid,  and  1-10  cc.  of  concentrated  hydrochloric  acid  to  the  liter, 
will  keep  from  five  to  twelve  months  without  any  change  in 
strength.  There  is  no  deposit  of  antimonious  oxide  under  these 
conditions,  no  oxidation,  and  no  signs  of  fungous  growth. 
Gruener  determined  the  strength  of  his  tartar  emetic  solutions  by 
titration  with  a  decinormal  iodine  solution,  standardized  by  deci- 
normal  arsenite.  The  mean  of  twenty-nine  determinations  showed 
43.95  per  cent,  of  antimonious  oxide  in  tartar  emetic.  Theory 
required  43.37  per  cent.  (Sb=i20,  KSbOC4H406.j4H20  =  332). 
The  cause  of  this  discrepancy  between  arsenite  and  tartar  emetic 
solutions  made  up  as  standards  according  to  the  accepted  molec- 
ular formulas  is  a  matter  of  considerable  interest.  One  suggested 
explanation  of  this  difference  has  been  found  in  the  supposition 
that  the  end  reaction  between  starch  and  iodine  is  delayed  when 
titrating  tartar  emetic  by  iodine  until  an  excess  of  iodine  is  present. 
I  have  already  shown  in  a  previous  paper2  that  a  pure  starch  solu- 
tion gives  a  sharp  end  reaction  with  both  tartar  emetic  and  arsenite 
solutions  and  that  while  with  impure  starch  there  is  a  loss  of 
iodine  accompanied  by  the  production  of  reddish  hues  in  titrating 
tartar  emetic,  as  shown  by  the  difference  between  the  readings 
made  in  the  presence  of  potassium  iodide  by  the  yellow  color  of 

l  Am.  J.  Set.,  46,  206. 

*  Ibid.%  May,  190a,  pp.  379-399- 
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iodine  and  by  the  blue  of  starch  iodide,  yet  it  is  no  greater  than  in 
titrating  arsenite  solution  in  the  presence  of  an  impure  starch.  If 
only  an  impure  starch  is  available,  the  reading  should  be  made 
without  starch,  for  the  presence  of  potassium  iodide  renders  very 
sharp  the  yellow  color  of  the  first  excess  of  free  iodine.  This  first 
reading  may  be  afterwards  corroborated  by  adding  the  starch 
solution  which  will  then  give  only  a  pure  blue  color.  The  above 
discrepancy  must  then  be  due  to  some  other  cause  than  delay  of 
formation  of  the  starch  iodide.  The  present  paper  will  prove 
that  this  discrepancy  is  due  to  the  ease  with  which  tartar  emetic 
loses  its  water  of  crystallisation  and  that  in  order  to  get  a  salt  of 
the  exact  composition,  KSbOC4H4Oe.}4H20  (mol.  wt.  332.15), 
certain  conditions  must  be  very  closely  observed. 

In  the  previous  paper1  a  tartar  emetic  solution  was  used  contain- 
ing exactly  16  grams  of  tartar  emetic  to  the  liter,  25  grams  of  tar- 
taric acid,  and  1  cc.  of  concentrated  hydrochloric  acid.  Of  this 
solution  50  cc.  were  oxidized  by  47.75  cc.  of  decinormal  iodine 
solution.  Now  49.48  cc.  of  the  iodine  solution  oxidized  50  cc.  of  a 
decinormal  arsenite  solution.  Therefore  it  should  have  taken 
47.6S  cc.  of  the  iodine  solution  to  oxidize  50  cc.  of  the  tartar  emetic 
solution;  that  is  to  say,  the  tartar  emetic  took  0.07  cc.  of  deci- 
normal iodine  solution  more  than  the  theory.  Calculated  on  the 
ratio  of  antimony  to  tartar  emetic  used  the  error  was  0.06+  per 
cent.  The  tartar  emetic  was  recrystallized  from  a  boiling  water 
solution,  filtered,  and  air-dried.  In  the  following  experiments  two 
different  samples  of  commercial  tartar  emetic  were  used,  which 
will  be  designated  as  Ct  and  C,.  Cx  was  in  crystalline  condition, 
containing  medium-sized  crystals ;  C,  was  in  fine  powdery  form. 
Twelve  different  recrystallized  products  were  used,  designated  as 

Rlf  R,,  etc.,  to  R„.  Rj,  R„  Rn  and  Rlt  were  recrystallized  from 
C,,  the  others  from  Q;  R„  R,,  R10,  R„  and  RM  were  in  medium- 
sized  crystals  from  */M  to  V4  of  an  inch  in  size.  By  rapid  stir- 
ring, R,  and  R8  were  crystallized  in  very  fine  condition.  R4,  R5, 
Re,  Rj  and  R,  were  crystallized  in  exceedingly  fine  condition  by 
precipitation  by  alcohol  with  rapid  stirring.  The  attempt  was 
made  to  get  both  a  definite  crystalline  salt  and  a  definite  anhydrous 
salt. 

Decinormal  solutions  were  made  as  follows:   Exactly  16.6075 
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grams  of  die  crystalline  tartar  emetic  (332.15)  or  16.1575  grams 
of  the  anhydrous  salt  (323.15)  were  weighed  out  and  dissolved  in  a 
little  water  by  the  aid  of  a  filtered  solution  of  25  grams  of  tartaric 
acid.  This  solution,  upon  dilution,  sometimes  gave  a  crystalline 
precipitate  which,  however,  completely  redissolved  upon  further 
dilution  and  the  addition  of  5  cc  of  concentrated  hydrochloric 
acid.  The  solution  was  then  diluted  to  the  liter  mark.  No  heat 
was  necessary  in  making  the  solutions,  a  thorough  shaking  being 
sufficient  to  dissolve  the  tartar  emetic  in  the  tartaric  acid.  The 
strength  of  the  solutions  was  determined  by  dednormal  iodine 
solutions,  containing  12.6S5  grams  of  iodine  and  18  grams  of 
potassium  iodide  to  the  liter.  The  iodine  solutions  were  standard- 
ized by  carefully  prepared  decinormal  arsenite  solutions,  contain- 
ing exactly  4.95  grams  of  resublimed  arsenious  oxide,  dissolved 
by  the  aid  of  3  grams  of  pure  potassium  hydroxide  or  of  70  cc.  of 
a  saturated  solution  of  acid  potassium  carbonate.  For  titration  a 
few  cubic  centimeters  of  the  saturated  solution  of  acid  potassium 
carbonate  were  added. 

From  the  recrystallized  salt,  R2,  five  different  decinormal  solu- 
tions were  made,  two  in  liter  flasks  and  three  in  half-liter  flasks. 

The  solutions  in  Table  I,  division  A,  were  made  from  the  freshly 
precipitated  crystals ;  those  in  B  after  the  crystals,  which  were  in 
fine  condition,  had  stood  several  weeks.  The  experiments  in  A 
show  that  the  finely  crystalline  tartar  emetic  was  dried  just  to  the 
point  at  which,  if  made  up  at  once  into  decinormal  solutions,  it 
agreed  exactly  with  the  decinormal  arsenite  solution.  After  some 
weeks'  standing,  though  in  a  closed  glass  vessel,  the  preparation, 
as  shown  in  B,  had  increased  in  the  proportion  of  its  antimony; 
that  is,  had  lost  water  of  crystallization. 

Another  recrystallization  (R8)  was  made  from  another  sample 
of  the  commercial  salt  (C3)  and  dried  by  exposure  to  the  air. 
Decinormal  solutions  were  made  up  at  two  different  stages  of  the 
drying,  and  demonstrate  the  ease  with  which  tartar  emetic  loses 
its  water  of  crystallization.  The  crystals  were  exposed  to  sunlight 
for  a  very  short  time  and  then  laid  in  the  shade.  After  an  hour 
and  three-quarters  the  first  decinormal  solution  was  made  up  and 
titrated.  The  drying  in  the  air  was  continued  for  about  four 
hours,  and  a  half-liter  decinormal  solution  was  made  up  and 
titrated.    It  is  very  obvious  that  after  drying  for  an  hour  and 
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three-quarters  the  tartar  emetic  was  not  completely  dry,  but  that 
after  six  hours'  drying  the  fine  crystals  had  lost  some  of  their 
water  of  crystallization. 

Table  I. 
Final  volume,  125  cc.    R,  from  C,. 
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A.  (Two  solatioti8  made  from  the  freshly  recrystallized  tartar  emetic. ) 

1 

2 


3 

4 

5 
6 


8 

9 
10 

II 

12 


50           49.28           5  1               medium  blue  (purplish) 

50            ••           49.28         25  1  w -liter             deep  blue 

50           ••           49.29         25  1 /flask  medium  blue  (purplish) 

50           49-32           5  1                        medium  blue 

5°           -  -           49-32         25  n  1/2-liter          good  blue 

50            •  •           49.30         25  1  /  flask              good  blue 

50           49.31           5  1               medium  blue  (purplish) 
B.  (Three  solutions  made  after  the  crystals  had  stood  several  weeks.) 

50            • .           49.60         25  1     1 -liter  flask    good  blue 

50           •  •           49.60         25  1  *i  1/2-liter          good  blue 

50            •  •            49.58          25  1  /  flask               good  blue 

50           . .           49.60         25  1 1 1 /2-liter         good  blue 

50            • .            49.60         25  1  j  flask               good  blue 

Table  II. 

Pinal  volume,  125  cc.    R,  from  C,. 
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(13)  50         49*23  25         1  13/4         i-liter  flask         deep  blue 

(14)  50         49.24  25         1  • ...  ....  deep  blue 

(15)  50         49*46  25         1  6  1/2-liter  flask       deep  blue 

For  various  reasons,  the  method  of  experimentation  was 
changed  to  the  following :  Exactly  0.5  gram  of  tartar  emetic  was 
weighed  out,  dissolved  in  50  cc.  of  water  by  the  aid  of  1  gram  of 
tartaric  acid  and  titrated  by  decinormal  iodine,  after  the  addition  of 
25  cc.  of  a  saturated  solution  of  acid  potassium  carbonate.  The 
first  experiments  were  made  with  two  samples  of  recrystallized 
tartar  emetic  and  with  two  samples  of  commercial  tartar  emetic. 
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Tablb  m. 

Pinal  volume,  120  cc 
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R19  of  medium-sized  crystals,  though  kept  for  several  months, 
agreed  with  the  freshly  recrystallized  tartar  emetic  R,.  The  two 
commercial  samples  appeared  to  have  lost  water  of  crystallization, 
or  contained  impurity,  and  C„  which  was  in  fine  powdery  condi- 
tion, appeared  to  have  lost  more  water  than  C19  which  was  in 
medium-sized  crystals.  A  difference  in  the  method  of  commercial 
preparation  may  have  been  responsible  for  this  discrepancy.  That 
recrystallization  was  necessary  in  order  to  make  up  a  standard 
solution  was  evident. 

The  effect  of  desiccators  was  next  tried  upon  the  recrystallized 
tartar  emetic.  A  sample  of  R19  finely  pulverized,  was  placed  in  a 
desiccator  containing  sulphuric  acid  and  another  sample  of  the 
same  preparation  was  put  in  a  vacuum  desiccator  over  sulphuric 
acid.  The  action  of  the  two  desiccators  seemed  to  be  comparable 
in  extent  and  rapidity,  and  by  comparison  with  experiments  (16), 
(17),  and  (18)  it  will  be  seen  that  there  is  a  gradual  and  slow  loss 
of  water  of  crystallization. 
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Tablb  IV. 

Pinal  volume, 

,  120  CC. 
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(34) 


deep  blue 


50  49-31  ••  5  1 

The  hot  air-bath  was  then  resorted  to  with  the  most  varied  re- 
sults. Portions  of  Rx  and  of  Cx  and  C,  were  heated  in  the  air- 
bath.  The  two  latter  samples  were  taken  to  see  whether  the  com- 
mercial salt  could  be  reduced  to  anhydrous  condition  completely 
and  agree  with  the  recrystallized  salt.  The  sample  of  Rlf  in  ex- 
periment (35),  was  heated  at  1200  for  an  hour  and  between  1200 
and  95°  for  three  hours.  The.  same  sample  was  then  reheated 
with  samples  of  the  commercial  preparations  and  with  a  fresh 
sample  of  Rj  at  io4°-iio°  for  two  and  one-half  hours,  n6°-i30° 
for  two  hours,  and  1  i5°-i  io°  for  three  hours. 
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The  reheated  saftiple,  (36)  and  (37),  was  not  changed  by  the 
second  heating,  but  lost  considerable  water  by  the  first  heating. 
It  stood  in  a  desiccator  between  the  two  periods  of  heating.  The 
fresh  sample  of  the  same  preparation,  (38)  and  (39),  lost  most 
heavily  of  all,  and  was  closely  followed  by  the  more  crystalline 
commercial  sample  Clf  (40)  and  (41),  which  had  been  powdered 
before  heating.  The  finely  powdered  commercial  sample  C2,  (42) 
and  (43),  lost  but  little  water. 

The  sample  Ct  which  had  now  been  heated  already  seven  and 
one-half  hours  from  1040  to  1300  was  reheated  for  three  hours  at 
i6o°-i6s°,  and  a  fresh  sample  of  Rx  was  heated  at  i6o°-i65°  for 
two  hours.  Again  the  fresh  sample  lost  more  water  than  the 
sample  previously  heated. 

Table  VI. 
Final  volume,  120  cc. 
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(45)  ••  ••  ••  0.5 

(46)  Rx  2  i6o°-i65°       0.5 
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A  still  greater  loss  of  water  is  evident  in  these  experiments,  and 
in  this  table,  as  well  as  in  experiments  (38)  to  (41)  inclusive,  in 
Table  V,  the  discrepancy  between  the  duplicates  was  due  to  the 
difficulty  of  weighing  the  portions  exactly,  since  the  dried  tartar 
emetic  took  up  moisture  so  rapidly  on  the  balance. 

In  Table  VII  the  molecular  weights  of  tartar  emetic  are  given, 
calculated  from  the  amounts  of  antimony  present  as  shown  by  the 
iodometric  titration  of  the  preceding  experiments.  The  deci- 
normal  arsenite  solution  was  taken  as  standard. 

A  study  of  the  preceding  tables  in  the  light  thrown  upon  them 
by  Table  VII  leads  to  some  interesting  results.  The  molecular 
weights  run  in  a  series  from  that  of  crystalline  tartar  emetic  down 
almost  to  the  theoretical  state  in  which  the  crystalline  salt  has  lost 
1.5  molecules  of  water,  passing  through  all  intermediate  stages, 
but  never  surely  resting  at  any  one  spot.    Two  important  stages 


STANDARD  TARTAR  EMETIC. 


»35 


Tabu  VII. 

49.39  cc.  (absolute  amount)  of  N/10  iodine  solution  =  50  cc.  of  N/10  araenic 
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are  reached:  when  all  the  water  of  crystallization  is  gone,  the 
anhydrous  state,  and  when  0.5  molecule  of  water  further  has  been 
lost,  the  first  anhydride  stage.  The  greatest  error  met  with  in 
the  recrystallized  tartar  emetic,  if  air-dried,  is  about  0.2+  per 
cent,  calculated  on  the  ratio  of  antimony  to  tartar  emetic,  and  that 
after  standing  in  fine  condition  in  a  closed  bottle  for  several  weeks. 
After  standing  for  about  two  weeks  in  a  sulphuric  acid  desiccator 
the  finely  recrystallized  tartar  emetic  lost  almost  exactly  one-half 
of  its  water  of  crystallization,  and  after  two  months  almost  all  of 
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its  water  of  crystallization.  The  commercial  salt  (C,)  had  but 
little  water  of  crystallization  and  lost  it  all  upon  heating  in  the 
air-bath,  but  went  no  further  even  at  the  temperature  of  130°. 
Though  heated  at  95°-i20°  for  four  hours,  the  recrystallized  salt 
(RJ  failed  to  lose  all  of  its  water  of  crystallization,  and  reheating 
for  seven  and  a  half  hours  at  I04°-I30°  failed  to  produce  any 
further  loss.  Especially  interesting  are  the  results  of  heating  the 
fresh  samples  at  the  higher  temperatures.  Between  1200  and  130° 
Rt  and  Ct  (in  crystalline  form)  lost  water  beyond  the  anhydrous 
state  and  approached  the  anhydride  (KSbOC4H4Oe —  J£H,0). 
Upon  heating  at  the  temperature  i6o°-i65°,  the  same  preparations 
lost  yet  more  water  and  approached  the  state  of  a  double  anhydride 
in  which  all  the  hydroxyls  were  gone  (KSbOC4H4Oe —  H,0). 
The  anhydride  state  was  also  indicated  by  the  readiness  of  the 
salts,  after  such  heating,  to  take  up  water  again  while  on  the 
balance.  Both  of  these  anhydrides  have  been  previously  obtained. 
Liebig1  states  that,  according  to  Dulk,  Wallquist,  and  Brandes, 
and  in  accordance  with  his  own  experiments,  tartar  emetic  loses  its 
water  of  crystallization  at  ioo°.  By  careful  heating  to  3000  he 
caused  tartar  emetic  to  lose,  without  charring,  1  molecule  of  water. 
Dumas  and  Piria*  established  the  fact  that  tartar  emetic  contains 
0.5  molecule  of  water  of  crystallization  to  the  accepted  empirical 
formula.  Their  analyses  were  very  close.  They  also  heated  tar- 
tar emetic  to  a  high  temperature.  In  an  oil-bath  it  became 
brownish  at  235°-240° ;  at  2200  it  was  still  white.  They  gave 
the  following  double  formula:    (C4H4Oe)1.(SbO)2.K,.H10;  at 

ioo°  (C4H40,),.(SbO)rK,;  at  2200  (CAOgVCSbO)..^.  Ber- 
lin* states  that  at  100 °  in  a  stream  of  dry  air  tartar  emetic  loses 
two-thirds  of  its  water  of  crystallization  very  easily,  but  the  rest 
with  difficulty ;  that  at  a  temperature  slightly  over  ioo°  the  body 
changes,  losing  0.5  molecule  of  water  at  i6o°-i8o°  or  by  longer 
heating  at  1300  ;  that  another  half  molecule  of  water  goes  at  2000- 
2200,  making  the  formula  now  C4H,08.SbO.K. 

A  series  of  experiments  was  now  made  to  reach  the  desired  end 
by  alcoholic  precipitation.  A  concentrated,  yet  not  saturated, 
solution  of  tartar  emetic  was  made  in  boiling  water  and  filtered 
into  about  an  equal  volume  of  95  per  cent,  alcohol.    The  tartar 

i  Ann.  Chem.  (Liebig),  a6, 13a. 

•  Ibid,,  44,  85. 

•  Ibid.,  64,  359. 
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emetic  was  precipitated  as  soon  as  it  reached  the  alcohol  and  was 
frequently  stirred.  It  was  then  filtered  by  suction,  kept  under 
suction  for  from  five. to  ten  minutes,  and  air-dried.  The  product 
was  a  very  fine  white  fluffy  powder.  Four  such  recrystallizations 
were  made  at  first  (R4,  R5,  Re,  and  R7)  and  dried  for  different 
lengths  of  time  in  the  air.  Half-gram  portions  were  weighed  out, 
dissolved  in  1  gram  of  tartaric  acid,  and  titrated  by  decinormal 
iodine,  as  in  the  previous  experiments.  The  results  are  given  in 
Table  VIII. 


1 

Table  VIII. 

1 

a 

1 

■ 

a 

JC 

• 

1 

• 

t 

8 

0 

* 
g 

V 

a 

1 

• 

■0 

"0 

es 

0 

2** 

0 

w 
\ 

4 

Hours. 

« 

N/10    i 
tion. 

V 

i 

I* 

« 

| 
0 

2 

Color. 

Gram. 

cc.     Gram, 

.   CC. 

cc. 

(48) 

R. 

5 

25°-3o° 

0.5 

30.09 

I 

25 

] 

328.41 

medium  blue 

(49) 

R. 

3  1/2 

i8°-I9° 

0.5 

29.82 

I 

25 

I 

33 '.44 

medium  blue 

(So) 

R. 

2  3/4 

i8°-i9° 

0.5 

29.84 

I 

25 

X 

33*  20 

medium  blue 

(50 

R, 

21/4 

x8°-X9° 

0.5 

29-73 

I 

25 

I 

332.43 

medium  blue 

N/10  arsenic  trioxide. 
cc. 

(52) 


50    49.40 


good  blue 


The  iodine  solution  had  stood  unused  for  about  a  month  and  had 
grown  weaker ;  hence  the  new  standard  was  used  in  determining 
the  molecular  weights.  The  tartar  emetic  precipitated  by  alcohol, 
though  containing  water  of  crystallization,  was  in  such  fine  condi- 
tion that  it  lost  some  of  its  water  of  crystallization  readily  in  the 
air,  or  else  had  been  precipitated  by  the  alcohol  with  an  incomplete 
amount  of  water  of  crystallization.  The  influence  of  time  upon 
the  results  of  air-drying  is  prominent.  RB,  R«,  and  R7  came,  how- 
ever, so  near  to  the  theory  that  another  preparation  (R8)  was 
made  very  carefully  as  follows : 

A  fairly  concentrated  solution  of  tartar  emetic  in  250-300  cc.  of 
boiling  water  was  filtered  into  400  cc.  of  95  per  cent,  alcohol,  and 
the  precipitate  was  filtered  off  by  suction,  washed  twice  by  95  per 
cent,  alcohol,  kept  under  good  suction  for  fifteen  minutes  longer, 
and  air-dried  two  and  a  half  hours  at  i9°-20°.  A  half  liter  of 
decinormal  tartar  emetic  solution  was  made  up  at  once  and 
titrated. 
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Table  IX. 

•3  M  3  *•    • 

*         1  1       •  5J       d 


•**  a  18 


3 


a2  "  ~§  IS         I 

2  8  2|  2  J  \%  \ 

#               fc  2                      %  £  3  Color, 

cc  cc.  cc.  cc.  cc. 

(53)  50  ••  49.5o  25  *  medium  blue 

(54)  5°*  ••  49-5°  25  1  medium  blue 

(55)  ••  50  49-4o  5  *  deep  blue 

(56)  One-half  gram  of  the  tartar  emetic,  dissolved  in  tartaric  acid  as 

above  and  titrated,  took  29.80  cc.  of  decinormal  iodine  solu- 
tion. 

The  agreement  between  the  arsenic  and  tartar  emetic  standards 
was  fairly  good,  but  hardly  close  enough  to  warrant  ^he  use  of 
this  mode  of  preparing  tartar  emetic  for  standardizing  purposes. 
As  the  tartar  emetic  in  this  exceedingly  fine  form  gave  uniform 
results  and  was  so  ready  to  lose  its  water  of  crystallization,  it  was 
tried  in  the  air-bath  under  closely  regulated  conditions. 

Table  X. 


•  .1 


2                  Sg  •  M 

0                       •     ?*  0  *5 

2             |          J           §     B*  I  - 

33          <H             5          ST        £     AT  8  S                      Color. 

Gram.       cc.  Grain,  cc.  cc. 


(57)  R4  5  94°-  99°  0.5  30.44  1  25  1  324.67  deep  blue 

(58)  R»  5  94°- 99°  o-5  3<Mi  1  25  1      deepbluc 

(59)  *«  5  94°-  99°  05  30.44  1  25  1  324.67  deep  blue 

(60)  RT  5  94°- 99°  0.5  30.48  1  25  1      deep  blue 

(61)  R4  3  960- 99°  0.5  30.44  1  25  1  32467  deep  blue 

N/xo  arsenic  trioxide. 
cc. 

(62)  ••         •  •  •  •  50      49.42  •  •      5      i      deep  blue 

Tartar  emetic. 
Gram. 

(63)  Ri        7      97°-K>3°  0.5  30.49  1  25  1  deep  blue 

(64)  R5                      ..  0.5  30.47  1  25  1  deep  blue 

(65)  RT  0.5  30.48  1  25  1  324.19  deep  blue 

(66)  R4,  R5,  Rfl,  R7 

(mixture)  \  $ 

1 7      97^-103 

(67)  Re*      3      97°-i03°    0.5      30.48    1    25      1    32419  deep  blue 
•  Stood  in  absolute  alcohol  for  twenty-four  hours,  then  was  filtered  and  air-dried. 


940- 990    0.5      30.48    1    25      1    324.19  deep  blue 
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Air-bath. 
Hours. 

• 

£ 

9 

i 

e 

•V 

i 

N/10   iodine    solu- 
tion. 

i 

i 

i.  . 

a* 

I1 

( 

Gram. 

cc.    Gram, 

.  cc 

(68) 

R.* 

•  • 

•  • 

0.5 

30.28 

1 

25 

N/10  arsenic  trioxide. 
ce. 

(«9) 

•  • 

■  • 

•  • 

50 

4*39 

.  • 

5 

. 

Tartar  emetic. 
Gram. 

(7o) 

Ri 

3 

I03°-uo° 

0.5 

30.43 

X 

25 

(70 

R» 

3 

l03°-iio° 

0.5 

30.43 

1 

25 

(7») 

R* 

7 

II2°-II5° 

0.5 

30.50 

1 

25 

(73) 

*• 

7 

II2°-II5° 

0.5 

3O.46 

1 

25 

(74) 

R* 

5-5 

II4°-I2I° 

0.5 

30.48 

1 

25 

(75) 

R. 

5.5 

II4°-I2I° 

0.5 

30.47 

1 

25 

(7«) 

R« 

6 

I28°-I30° 

0.5 

30.97 

1 

25 

(77) 

R. 

6 

I28°-I3o° 

0.5 

30.57 

1 

25 

(78) 

R«. 

***»  ?t •  I* 

(mixture' 

'{■; 

940-103° 

I20° 

0.5 

30.54 

1 

25 

(79) 

R« 

8 

120° 

0.5 

30.47 

1 

25 

N/10  arsenic  trfoxide. 

(80) 

•  • 

•  • 

•  • 

50 

4961 

• 

5 

Tartar  emetic 
Gram. 

(81) 

R4 

{ 8 

1 14 

120° 
II5°-I25° 

0.5 

30.70 

1 

25 

(82) 

R. 

■i8 

120° 

II5°-I25° 

0.5 

30.57 

1 

25 

(83) 

R«. 

Hf,  Rj,  KT 

•  12 

940-103° 

0.5 

30.56 

1 

25 

(mixture)  -J    8 

120° 

1 14 

H5°-I25° 

3  1 

—  a 

!  I 

f  1 

m  o 

%  a 

cc. 

I      

I      

I      

I      

I      

I      

I  324.19 

I  •  •  •  •  • 

I  319.06 

I  323.24 


Color. 

deep  blue 

deep  blue 

deep  blue 
deep  blue 
deep  blue 
deep  blue 
deep  blue 
deep  blue 
deep  blue 
deep  blue 


1  323.55  medium  blue 

1  medium  blue 

1  medium  blue 

1  323.31  deep  blue 

1  deep  blue 

1  deep  blue 


From  three  to  five  hours'  drying  at  94°-99°  failed  to  dry  the 
tartar  emetic  completely  to  the  anhydrous  state  (323.15).  The 
experiments  (63)  to  (75),  made  at  temperatures  varying  about  50 
from  ioo°  to  1250,  carried  the  drying  slightly  further,  but  still  the 
molecular  weight  of  tartar  emetic  was  a  unit  too  high  for  the 
anhydrous  condition.  Experiment  (68)  shows  the  effect  of  abso- 
lute alcohol  upon  the  water  of  crystallization  in  twenty- four  hours. 
In  (67)  this  same  preparation  lost  in  three  hours  in  the  air-bath 
about  the  same  amount  of  water  as  the  others  in  a  longer  time. 

•  Stood  in  absolute  alcohol  for  twenty-four  hours,  then  was  filtered  and  air-dried. 
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In  (66)  the  portions  heated  in  (57)  to  (61)  were  reheated,  making 
twelve  hours  of  total  heating.  This  same  mixture  was  again  re- 
heated in  (78)  and  (83).  In  (73)  the  tartar  emetic  became  almost 
entirely  anhydrous  according  to  theory,  but  this  temperature,  1280- 
1300,  is  on  the  danger  line,  since  in  the  duplicate  experiment,  (76), 
the  tartar  emetic  passed  slightly  beyond  the  anhydrous  condition 
to  that  of  an  anhydride.  Experiments  (78)  to  (83)  show  the 
effect  of  long  heating  at  iis°-I25°.  In  (78)  to  (81)  the  portions 
were  almost  anhydrous,  but  the  other  samples  fell  short.  The  dif- 
ference between  the  readings  in  experiments  (81)  to  (83)  and 
those  of  the  preceding  experiments  was  due  to  the  use  of  a  new 
decinormal  iodine  solution.  Since  in  these  last  experiments 
twenty-two  to  thirty- four  hours'  drying  at  Ii5°-i25°  failed  to 
bring  uniform  and  sufficiently  exact  results,  it  is  hardly  possible  to 
make  up  standard  decinormal  tartar  emetic  solutions  from  the 
product  obtained  by  drying  in  the  air-bath,  and  the  method  of  pre- 
cipitation by  alcohol  yields  the  most  susceptible  form  of  tartar 
emetic  for  this  purpose.  This  conclusion  is  exemplified  in  Table 
XI.  A  decinormal  solution  of  tartar  emetic  was  made  up  in  a 
500  cc.  flask  from  a  mixture  of  the  products  in  experiments  (57) 
to  (61)  and  another  from  the  products  dried  at  ioo°-i20°.  These 
solutions  were  made  on  a  basis  of  323.15  (molecular  weight  of 
anhydrous  tartar  emetic)  i.  e.f  16.1575  grams  per  liter. 


Table  XI. 

•s 
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u 

9 

£•3 

■ 

§ 

CI 

t 

5 
0 

/io  iodine    solu- 
tion. 

So 

?! 

is 

larch  solution. 

H 

Z 

Z 

ft. 

09 

cc. 

cc. 

cc 

cc. 

Color. 

(84) 

94°-  99° 

50 

49-^5 

35 

I 

medium  blue 

(35) 

IOO°-l20° 

SO 

4919 

25 

I 

medium  blue 

If  in  experiment  (84)  the  value  of  49.15  be  taken  as  standard, 
then  the  molecular  weight  for  30.41,  absolute  decinormal  iodine 
value  obtained  for  0.5  gram  of  this  preparation  in  experiments 
(57)  to  (61),  is  332.08.  Therefore  the  decinormal  solution 
agreed  with  the  half-gram  values,  but  both  were  too  low  as  the 
decinormal  arsenite  standard  of  the  iodine  solution  was  494°- 
The  portion  dried  at  ioo°-i20°  likewise  fell  short  of  the  arsenic 
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standard,  which  was  made  certain  by  two  separately  prepared 
decinormal  arsenite  solutions. 

The  effect  of  drying  in  a  sulphuric  acid  desiccator  was  also  tried 
upon  the  product  precipitated  by  alcohol.  The  last  traces  of  water 
of  crystallization  appear  to  be  exceedingly  difficult  to  drive  out. 

Table  XII. 


I 


2  3J  a  * 

1     j      1   h    i      I 


•e         a         a  -a 

a 


1  S       SS         8  5 


P&         £  2"  g        £  3  X  Color. 

Gram.  cc.         Grain,      cc.        cc. 

(86)  2         0.5         30.19         i         25         T         medium  blue 

(87)  5         0.5         30.55         1         25         1         deep  blue 

(88)  9        0.5        50.40         1         25         1         deep  blue 

(89)  18         0.5         30.46         1         25         1  medium  blue 

(90)  25         0.5         50.48         1         25         1        524.19        medium  blue 

As  a  last  resource,  the  tartar  emetic  was  recrystallized  in 
medium-sized  crystals,  and  air-dried.  It  will  be  remembered  that 
the  first  recrystallization  was  made  in  this  manner  and  that 
medium-sized  crystals  showed  far  less  tendency  to  lose  water  of 
crystallization  than  the  finely  crystallized  product.  Four  prepara- 
tions were  made  up,  two  apiece  from  two  commercial  samples,  and 
upon  two  different  days.  In  about  300  cc.  of  boiling  water 
enough  tartar  emetic  was  dissolved  to  make  a  concentrated, 
but  not  saturated,  solution,  which  was  filtered  into  flat  crystallizing 
dishes  and  allowed  to  crystallize  over  night.  The  crystallization 
should  not  be  too  rapid.  The  crystals  were  filtered  off  by  suc- 
tion, washed  twice  with  distilled  water,  and  kept  under  suction 
for  about  five  to  ten  minutes  additional.  They  were  then  air- 
dried  from  one  and  a  half  to  four  hours  at  a  room  temperature  of 
i9°-24°.  The  air  was  clear  and  dry.  The  crystals  were  pulver- 
ized and  decinormal  solutions  made  up  in  the  usual  manner  in  a 
half-liter  flask. 

These  results,  as  close  as  could  reasonably  be  expected,  are 
given  just  as  they  came.  No  inferior  experiments  have  been 
omitted.  It  is  possible,  by  working  with  care,  to  make  up  deci- 
normal tartar  emetic  solutions  agreeing  with  decinormal  arsenite 
by  recrystallizing  the  tartar  emetic  slowly  in  medium-sized  crys- 
tals, Yu  to  V4  of  an  inch  in  size,  washing  well  with  distilled  water, 
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Tabu  XIII. 

II.     3 


1 

to     *5 


a 


8!  *   .     -3s  B  2"fl  8 


Is      2s     i?  &s     23     h    I 

cc.       cc  cc.  cc        oc 

(Prom  C,.) 

(91)  R,      1  1/2      X9°-24°      50      ..        49.32  25  1  medium  blue 

(92)  R,      4  i9°-24°      50      ..        49.42  25  1  medium  blue 

(93)  Rw     21/2      i9°-24°      50      ..        49.43  25  1  medium  blue 

(94)  ••        ••  ••  50       49*43         5        1      medium  blue 

(Prom  C,.) 

(95)  R-n        3         i9°-24°      50      ••        49.58  25  1  deep  blue 

(96)  R1S       4         i9°-24°      50      ..        49.58  25  1  medium  blue 

(97)  •  •       •  -             .  •                   50       49.61  5  1  medium  blue 

removing  most  of  the  moisture  by  about  ten  minutes'  good  suc- 
tion, and  air-drying  from  two  and  a  half  to  four  hours.  The 
crystals  should  not  lie  exposed  to  the  air  for  many  hours  after  they 
are  dry,  and  for  exact  work  should  be  freshly  prepared.  On  a 
damp  day  it  might  take  longer  to  dry  them  than  the  time  given 
above,  but  heat  should  never  be  used.  The  laboratory  tempera- 
ture should  not  range  above  25  °  and  should  be  preferably  lower. 
The  crystals  in  the  above  preparations  were  considered  dry  when 
they  showed  not  the  slightest  tendency  to  cling  to  a  glass  rod  and 
were  left  exposed  for  an  hour  or  two  longer  to  make  certain. 

It  has  already  been  suggested  that  the  antimony  in  tartar  emetic 
is  not  attached  to  the  carboxyl  end  of  tartaric  acid  but  to  the  alco- 
holic end.  Clarke  and  Stallo,1  in  1880,  opposed  the  idea  that  the 
group  ( — Sb=0)  existed  in  tartar  emetic  and  suggested  that 
tartar  emetic  was  a  salt  of  SbOsH8.    They  gave  the  formula 

Sb  J  q*K  4°6  for  tortaric  emetic-  Clarke  and  Evans*  found  it  diffi- 
cult to  obtain  distinct  products  of  tartaric  acid  and  antimonious 
acid,  and  suggested  the  possible  existence  of  a  row  of  salts. 

•C4H40#.  H  vC4H40^.  H  >C4H4Oe.  H 

I.  Sb— OH  II.  Sb— C4H4O..H       III.  Sb— C4H4O..H 

\)H  \}H  \:4H40,.H 

>  Ber.  d.  chem.  Ges.y  i£,  1788-1796. 
»  /**'</.,  16,  3379-3387. 
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Sb  =  C4H40,  Sb  =  C4H40,  Sb  =  C4H,0, 

IV.      No  V.     yCtHfit  VI.     Nc4H40, 

Sb  =  O  Sb  =  O  Sb  =  C4H40, 

They  thought  they  obtained  in  definite  condition  III,  V,  and  VI, 
and  apparently  II.  They  changed  the  earlier  published  formula 
of  tartar  emetic  to 

Sb— C4H40,  K 


<> 


Sb— C4H406.K 

However,  they  make  no  distinct  remark  as  to  whether  antimony  is 
joined  to  the  carboxyl  or  hydroxyl  end  of  tartaric  acid,  but  the  idea 
of  the  acid  function  of  antimony  suggests  the  latter  linking. 
Duve,1  in  1869,  claimed  that  boric  acid  united  at  the  hydroxyl  end 
of  salts  of  tartaric  acid.  He  believed  that  he  separated  the  three 
following  bodies: 

KCO  — CH.  BO,  KCO,— CH.  BO,  KCO,— CH.  BO, 

I  I  .1 

HCO,— CH.OH  KCO,— CH.OH  KCO,— CH.BO, 

Adam*  gives  several  reasons  for  believing  that  antimony  plays  the 
part  of  an  acid  and  not  of  a  base  in  tartar  emetic.  Of  these  the 
following  seem  to  be  of  the  greatest  weight. 

First.  Bodies  analogous  to  antimonious  oxide  react  with  alco- 
holic hydroxyls  of  organic  bodies,  e.  g.,  C4H206Na2(BoO)2  noted 
by  Duve,  and  sodium  borosalicylate  described  by  himself. 
Sodium  lactate  reacts  with  boric  acid,  with  antimonious  oxide, 
and  with  arsenious  oxide;  potassium  bimalate  with  boric  acid, 
and  with  antimonious  oxide;  and  Rochelle  salt  with  one  or  two 
molecules  of  boric  acid. 

Second.  Only  those  acids  which  possess  a  phenol  or  alcoholic 
function  combine  with  antimonious  oxide,  boric  acid,  etc.  He, 
himself,  established  the  fact  that  oxalic  acid,  phthalic  acid,  and 
their  salts  do  not  combine  with  boric  acid. 

Third.  As  a  rule  the  free  organic  acid  does  not  react  with  these 
bodies.  Tartaric  acid  and  antimonious  oxide  are  an  exception  to 
this  rule,  however,  as  they  do  form  unstable  bodies.  Klein* 
showed  that  boric  acid  combines  with  salts  of  mucic  acid  and  of 

1  J*,  d,  Ckem.  (1869),  p.  540. 

»  Com  ft.  rrmd,,  11$,  1373. 

•  CompL  rtnd.,  96,  ifes  and  97, 1437. 
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saccharic  acid,  but  not  with  the  free  acid.    He  himself  noted 
inaction  between  salicylic  acid  and  boric  acid. 

Fourth.  Only  organic  salts  or  acids  with  a  free  hydroxyl  group 
prevent  the  precipitation  of  ferric  hydroxide  by  potassium  hydrox- 
ide, e.  g.,  lactic  acid,  malic  acid,  tartaric  acid,  salicylic  acid,  but  not 
sodium  borosalicylate.  Monoborotartrate  also  prevents  precipita- 
tion. 

Fifth.  Upon  adding  alkali,  acid  potassium  carbonate,  to  tartar 
emetic  heat  is  given  off  at  once,  but  antimonious  oxide  is  but 
gradually  and  slowly  precipitated. 

Henderson  and  Ewing,1  in  1895,  prepared  various  salts  of 
arsenious  oxide  and  tartaric  acid  and  studied  the  action  of 
arsenious  oxide  and  antimonious  oxide  on  citric,  malic,  lactic,  and 
mucic  acids.  They  also  came  to  the  conclusion  that  the  antimonyl 
group  (' — Sb=0)  displaces  a  hydroxyl  group,  but  thought  that 
the  bodies  formed  were  derivatives  of  antimonious  acid  as  Clarke 
and  Stallo'  suggested.  They  found  that  compounds  of  arsenious 
oxide  or  of  antimonious  oxide  with  citric  acid,  or  with  malic  acid, 
which  contain  one  hydroxyl  group  were  composed  of  1  atom  of 
arsenic  or  of  antimony  to  2  molecules  of  the  acid,  that  tartaric  acid 
and  mucic  acid,  having  two  and  four  hydroxyls  respectively,  com- 
bined in  the  ratio  of  1  molecule  of  acid  to  1  atom  of  antimony  or  of 
arsenic.    They  suggested  the  following  formulas : 


CH..CH— O-^Sb— O— CH.CH,    COOH.CH.O.Sb.O.CH.COOH 

III  III 

COOH      0  COOH      COOH.CH,      O     CH..COOH 


H  H 

Antimoniolactic  acid.  Antimoniomalic  acid. 

COOH.CH,  CH..COOH 

COOH.C— O— Sb— O— C.COOH 

I  I  I 

COOH.CH,        O  CH,.COOH 


H 
Antimoniocitric  acid. 

1  J.  Cfum.  Soc.  (l^ondon),  67,  103-108  and  1030-1040. 
•  Loc.  cit. 
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COOH.CH(OH).CH.Ov 

I         >Sb— O— H 

COOH.CH(OH).CH.(X 

Antimoniomucic  acid. 

COOH.CH.Ov 

I  >Sb— O-H. 

COOH.CH.CK 

AntimonioUrtaric  acid. 

Their  last  formula,  applied  to  tartar  emetic,  would  not,  how- 
ever, explain  the  union  of  that  water  in  the  compound  which  is 
ordinarily  called  the  water  of  crystallization.  I  would  suggest  for 
crystalline  tartar  emetic  the  double  formula : 

K-O— CO— CH— O— H 


H— O— CO-CH— O— Sb— O— H 

>o 

H— O— CO— CH— O-Sb— O— H 


K—O— CO-CH— O—H 

(Molecular  weight  =  [332. 15],. ) 

Tartaric  acid  forms  an  anhydride  at  1500.  The  low  temperature 
at  which  tartar  emetic  in  the  preceding  experiments,  and  in 
accordance  with  the  authors  cited,  lost  0.5  molecule  of  water 
between  1300  and  1600  would  appear  to  be  better  explained  by  the 
formation  of  a  tartar  emetic  anhydride  than  by  a  dehydration  of 
the  alcoholic  groups  according  to  the  classic  formula,  or  by  such  an 

action  asSchiff,1  represents  in  the  formula  COOK.C,H,0,  =  Sb. 


CO, 
SchifP  calls  tartaric  acid  tetrabasic. 

The  various  steps  of  dehydration  of  tartar  emetic  from  the 
crystalline  state,  according  to  the  formula  proposed,  might  be 
represented  as  follows :  • 

K— CO,— CH— O— H 

H— O— CO— CH— O— Sb— O/— H 

o<      / 

H— O— CO— CH— O—  Sb/— O— H 
K— CO.-CH— O— H 

(Molecular  weight  =  [33*.i5]f) 
(Tartar  emetic,  crystalline. ) 

*  Beilatein's  "  Handbuch,"  Vol.  I,  p.  794.  line  3. 

*  Compi.  rend.,  gg,  511. 
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K— CO— CH— O— H 


!H—  \  O— CO— CH— O— Sb 
!  \  0<  >0  +  H,0 

\CO— CH— O— Sb 


K— CO,— CH— O— H 

(Molecular  weight  =  [333.15],. ) 
(Tartar  emetic,  anhydrous.) 


K— CO,— CH— Ol— H 


I 


CO— CH— O— Sb 

0<  o<  >o 

CO— CH— O-Sb 


+  2H.0  = 


K— CO,— CH— iO— H|- 

(Molecular  weight  =  [314.15],. ) 
(Tartar  emetic,  anhydride. ) 


K— CO,— CH. 


I 
CO— CH— O-Sb 

0<  0<    >0  O  +  3H.0. 

CO— CH— O— Sb 


K— CO,— CH 

(Molecular  weight  =  [305.13],.) 
(Tartar  emetic,  double  anhydride.) 

The  last  reaction  may  be  even  better  represented  by  doubling 
the  equation  and  forming  an  anhydride  between  four  molecules 
thus: 

K— O— CO— CH— CH— CO— O— CO— CH— CH— CO— O-K 

I  o  I 

O Sb<  >Sb — O 

O 


O 


H 
H 

I 
IO 


O 


o- 


-Sb<  >Sb — O 
O 


O 

1 
H 
H 


O 


I 


K— O— CO-<:H— CH— CO— O— CO— CH— CH— CO-O—K 

It  is  also  possible  that  a  lactone  may  form  from  the  anhydrous 
salt  instead  of  the  further  dehydration  in  steps  thus : 
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..., 


O   H 

II     I 
K— O— C— C— IO— H 


& 


HI- 


■ 

i 


O— C— C— O— Sb 

II      I         /\    = 
OH./        \ 

O  O 

O    H    \       / 

11   1     \y 

O— C— C— O— Sb 


O— C— C— O— Sb 

11    1    y\  +  2H,o. 

o       o 

O— C— C— O— Sb 


O     H 
O    H 


II 
O 


H 


O— H 


(Molecular  weight  [323.15L.) 
(Tartar  emetic,  anhydrous.) 


O    H 


(Molecular  weight  [505.15],.) 
(Tartar  emetic,  lactone. ) 


SUMMARY. 

It  has  been  shown  that  the  discrepancy  between  tartar  emetic 
and  arsenious  oxide  solutions  lies  in  the  ready  tendency  of  the 
tartar  emetic  to  lose  its  water  of  crystallization.  If  in  fine  crystal- 
line or  powdery  form,  tartar  emetic  loses  its  %water  of  crystalliza- 
tion slowly  in  the  air,  more  rapidly  over  sulphuric  acid  in  an 
ordinary  or  vacuum  desiccator,  and  somewhat  upon  standing  in 
closed  bottles;  at  a  temperature  of  I28°-I30°,  it  begins  to  form 
an  anhydride  losing  one-half  molecule  of  water;  at  1600- 
165°  it  loses  another  molecule  of  water  and  becomes  doubly 
anhydride.  The  formation  of  these  anhydrides  seems  best  ex- 
plained structurally  by  attaching  the  antimony  to  the  hydroxyl 
rather  than  to  the  carboxyl  end  of  tartar  emetic.  If  tartar  emetic 
be  recrystallized  in  medium-sized  crystals,  filtered,  washed  two  or 
three  times  with  distilled  water,  drained  under  suction  for  from 
five  to  ten  minutes,  and  exposed  at  a  temperature  not  exceeding 
25°  for  a  period  of  from  three  to  four  hours  to  the  action  of  a  dry 
atmosphere,  decinormal  solutions  of  the  salt  thus  freshly  prepared 
will  correspond  exactly  to  decinormal  solutions  of  arsenious  oxide. 

The  Kent  Chemical  Laboratory 
op  Yalb  University. 
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Received  May  «4.  i9oe. 

The  present  investigation  was  undertaken  for  the  purpose  of 
ascertaining  whether  the  photometric  method  was  applicable  to 
colored   precipitates. 

Solutions  of  iron  of  various  degrees  of  dilution  were  prepared 
and  their  strength  accurately  determined  gravimetrically.  The 
iron  was  precipitated  with  potassium  ferrocyanide.  Ferric  nitrate, 
sulphate  and  chloride  were  found  to  give  practically  the  same  re- 
sults. In  all  the  solutions  nitric  acid  was  present,  though  never 
more  than  to  the  extent  of  i  per  cent.  This  was  in  order  to  insure 
that  the  iron  was  in  the  ferric  condition. 

As  in  the  previous  investigations,1  a  common  candle  was  used 
with  the  simple  photometric  cylinder.  The  more  accurate  instru- 
ment suggested  by  Professor  D.  D.  Jackson2  was  not  at  our  com- 
mand. The  work  was  carried  on  in  the  diffused  light  of  the 
laboratory,  but  the  cylinder  was  protected  by  the  hand  and  body 
against  any  glare  of  light  from  the  windows. 

Preliminary  tests  with  the  solid  ferrocyanide  showed  that  con- 
stant readings  could  not  be  obtained.  The  reading  was  found  to 
be  a  function  of  the  amount  of  the  ferrocyanide  added.  This 
is  because  the  ferric  ferrocyanide  precipitate  is  soluble  in  an 
excess  both  of  the  iron  and  ferrocyanide  solutions.  We  therefore 
made  a  5  per  cent,  solution  of  the  potassium  ferrocyanide  and  used 
it  from  a  burette.  On  adding  this  drop  by  drop  to  a  ferric  solution, 
there  first  appears  a  blue  color,  then  a  coarse  precipitate  which  pres- 
ently breaks  up  into  a  fine  stateof  division  and  finally  dissolves.  The 
greatest  opacity  and  therefore  the  lowest  photometric  reading 
occurs  just  when  the  precipitate  begins  to  break  up.  This  point  is 
reached  when  the  amount  of  ferrocyanide  bears  to  that  of  the  iron 
present  about  the  proportion  of  its  molecular  weight  to  the  atomic 
weight  of  iron ;  or  when  the  ferrocyanide  is  a  little  in  excess  of  the 
amount  necessary  to  convert  the  iron  into  Prussian  blue.  For 
example,  a  solution  which  contained  0.0054  gram  of  iron  required 
0.7  cc.  of  the  5  per  cent,  ferrocyanide  solution,  or  0.035  Srm 

>  This  Journal,  i8v  66 1. 
*  Ibid.,  J3,  799. 
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potassium  ferrocyanide.  These  numbers  are  in  the  proportion  of 
54  to  350  or  56  (atomic  weight  of  iron)  to  366  (molecular  weight 
of  potassium  ferrocyanide  368). 

It  was  found  that  at  the  point  of  maximum  opacity,  or  where 
the  reading  had  a  minimum  value,  constant  conditions  and  constant 
readings  could  be  obtained.  The  following  method  was  then 
adopted :  The  solution  whose  strength  was  to  be  determined  was 
placed  in  a  lipped  beaker  in  quantity  sufficient  to  fill  the  photometer 
to  the  required  height,  and  the  ferrocyanide  added,  drop  by  drop, 
until  the  precipitate  just  appeared.  The  solution  was  thoroughly 
mixed  by  pouring  back  and  forth,  and  the  reading  taken.  Another 
drop  of  the  ferrocyanide  was  added  and  another  reading  taken 
(which  should  be  lower  than  the  first  one).  This  process  was 
continued  until  a  minimum  was  obtained  and  the  readings  began  to 
rise  again.    The  lowest  reading  was  the  one  adopted. 

With  a  little  practice  only  four  or  five  readings  are  necessary  to 
find  the  minimum,  which  is  the  easier  to  detect  because  the  opacity 
near  the  minimum  remains  nearly  the  same  for  two  or  three 
readings. 

An  example  and  diagram  will  illustrate  the  peculiar  action  under 
consideration. 


Ferrocyanide  used  •  •  - 
Photometer  readings 


cc 

0.4 

ctn. 

4.4 


cc. 

0.5 

cm. 

3.6 


cc. 

0.6 

cm. 

3.o 


cc. 

0.7 

cm. 
2.7 


cc. 

0.8 

cm. 
2.5 


cc. 

0.9 

cm. 
2.5 


cc. 
1.0 
cm. 
30 


cc. 

I.I 

cm. 


cc. 
1.2 
cm. 


3.7       4.3 


5 

A 

\ 

3 

0\ 

2 
1 

1 

* 

V     A 

f-     J 

r    t 

>         / 

f         l 

r    .5 

*    /. 

0  / 

/    / 

2   13 

It  appears  that  the  ascending  arm  of  the  curve  is  nearly  a 
straight  line  and  rises  at  an  angle  a  little  higher  than  that  of  the 
descending  arm. 

A  series  of  determinations  was  made  and  each  was  tested  by 
numerous  readings.  In  the  first  column  of  the  table  which  follows 
is  given  the  number  of  the  solution ;  in  the  second  its  real  strength 
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in  per  cent,  of  iron  or  grams  in  ioo  cc. ;  in  the  third  is  the  photo- 
metric reading ;  in  the  fourth  is  the  product  of  the  reading  and 
strength ;  in  the  fifth  is  the  strength  computed  from  the  first  equa- 
tion determined  below;  in  the  sixth  the  difference  between  the 
computed  and  real  strength ;  in  the  seventh  the  strength  as  com- 
puted from  the  second  equation ;  and  in  the  eighth  the  difference 
between  this  and  the  real  strength. 


Strength. 

Read- 

y »  per  cent. 

ing. 

0.030*7 

Differ- 

0.02955 

Differ- 

No. 

X. 

xy. 

^™;r-o.a8" 

ence. 

r-0.375 

ence. 

I 

0.01153 

2.9 

O.03344 

O.OI  155 

0.00002 

O.OI  170 

O.O0OI7 

2 

0.00864 

3-8 

O.O3283 

O.O0859 

O.OOO05 

0.00863 

O.OOOOI 

3 

0.00757 

4.3 

O.03255 

O.O0753 

O.OOOO4 

0.00754 

O.OOO03 

4 

0.00692 

47 

O.03252 

O.O0685 

O.OOO07 

0.00683 

O.OOO09 

5 

0.00606 

5.3 

O.03212 

O.O0603 

O.OOOO3 

0.00600 

O.00O06 

6 

0.00528 

6.0 

O.03168 

O.OO529 

O.OOOOI 

0.00525 

0.00003 

7 

0.00470 

6.7 

O.03149 

O.OO47I 

O.OOOOI 

0.00467 

O.OOOO3 

8 

0.00422 

74 

O.O3123 

O.OO425 

O.OOOO3 

0.00421 

O.OO00I 

9 

0.00379 

8.1 

O.03070 

O.OO387 

O.OOO08 

0.00383 

O.00004 

IO 

0.00352 

8-7 

0.03062 

0.00359 

O.OOO07 

0.00355 

O.OOO03 

ii 

0.00313 

97 

O.03036 

O.OO32I 

O.OOO08 

0.00317 

a  00004 

Assuming  the  equation  of  the  hyperbola  xy  +  by  =  a  in  which 
x  represents  the  photometric  reading  and  y  the  strength  of  the 
solution,  and  forming  the  observation  and  normal  equations  and 
solving  for  the  constants  we  obtain  the  equation 

__  0.03027 
y~x — 0.28* 

Twenty-two  sets  of  observations,  including  readings  from  1.7 
cm.  to  10.7  cm.,  were  used  in  the  computation  of  this  equation  and 
its  efficiency  may  be  judged  by  the  numbers  in  the  first  column  of 
differences  in  the  table  above. 

The  readings  below  3  cm.  and  above  9  cm.  were  found  to  be 
rather  uncertain.  Rejecting  these  and  some  others  which  seemed 
to  be  a  little  inconsistent  with  the  general  series  and  using  only  the 
eleven  found  in  the  table,  we  obtain  the  equation 


y  = 


0.02955 


*  — o.375 

The  values  computed  from  this  equation  are  found  in  the 
seventh  column,  and  in  the  eighth  column  are  the  differences  be- 
tween these  values  and  the  real  strengths  of  the  solutions.  These 
differences  run  a  little  more  regularly  than  those  in  the  sixth 
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column,  but  practically  one  is  about  as  good  as  the  other.  They 
all  show  that  the  values  computed  from  either  equation  are  true  to 
the  fourth  decimal-place  of  per  cent.,  or  to  parts  in  1,000,000. 
Using  the  numbers  from  2  to  12  for  the  probable  error  of  one  de- 
termination, we  find,  n  being  the  number  of  equations,  q  the  num- 
ber of  variables,  and  v  the  differences, 

-         \  Sz^  /  0.0000000187 

or  three  parts  in  10,000,000. 

This  method  is  applicable  to  all  mixed  solutions  of  iron  contain- 
ing no  metal  which  is  precipitated  with  potassium  ferrocyanide, 
such  as  cobalt,  nickel,  manganese,  etc.  In  the  analysis  of  phos- 
phates and  fertilizers  the  iron  may  be  determined  in  the  solution 
made  for  the  determination  of  phosphorus.  It  may  be  necessary 
to  dilute  the  solution  if  the  iron  is  present  in  considerable  quantity. 
The  following  is  an  example : 

Amount  taken :  0.3988  gram  phosphate  rock,  which  was  dis- 
solved in  nitric  and  hydrochloric  acids  and  made  up  to  200  cc. 

Photometric  reading  was  6.5  cm.,  corresponding  to  0.00489  per 
cent.  iron.  200  cc.  therefore  contained  0.00972  gram  iron.  Of 
the  0.3988  gram  rock,  this  is  2.45  per  cent. 

Table  for  Photometric  Determination  op  Iron. 


Per  cent,  of  iron. 

Per  cent,  of  iron. 

Per  cent,  of  iron 

cm. 

X, 

0.03037 
ys*x  —  o.a8* 

cm. 

X. 

0.03017 

y~  X-O.& 

cm. 

X. 

_  0.03027 

7         iT-O.rf* 

2.0 

O.OI759 

3-8 

.    O.O0859 

56 

O.OO569 

2.1 

O.OI663 

3-9 

0.00836 

5-7 

0.00558 

2.2 

O.OI576 

4.0 

0.00814 

5-8 

O.OO548 

2.3 

O.OI499 

4.1 

0.00792 

59 

0.00539 

2-4 

O.OI428 

4.2 

0.00775 

6.0 

0.00528 

2-5 

O.OI363 

4.3 

O.OO753 

6.1 

0.00520 

2.6 

O.OI305 

44 

O.O0732 

6.2 

0.005I  I 

2.7 

O.OI25 I 

45 

O.OO717 

6.3 

O.O0503 

2.8 

O.OI20I 

4.6 

O.OO70I 

6.4 

0.00495 

2.9 

O.OII55 

4.7 

O.00685 

6.5 

O.OO487 

3.0 

O.OIII3 

4.8 

O.O0670 

6.6 

0.00479 

3.1 

O.OI073 

4-9 

0.00655 

6.7 

0.00472 

3.2 

O.OIO36 

50 

0.00641 

6.8 

O.OO464 

3-3 

O.OI002 

5-i 

O.O0628 

6.9 

0.00457 

34 

O.OO97O 

5-2 

0.00615 

70 

O.OO45O 

35 

O.OO94O 

5-3 

0.00603 

7-1 

0.00444 

3-6 

O.OO9IO 

5-4 

O.O059I 

7-2 

0.00437 

37 

O.OO885 

55 

O.OO579 

73 

O.OO43I 

85* 
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Per  cent*  of  iron. 

Per  cent,  of  iron. 

Per  cent,  of  iron. 

cm. 

X. 

0.030*7 

7     x-o.a8' 

cm. 

X. 

0.030*7 
y     *-©.*• 

cm. 

X. 

„      0.03017 
y      jt-ojT 

7-4 

O.OO425 

8.6 

0.00363 

9.8 

O.OO318 

75 

O.OO419 

8.7 

0.00359 

99 

O.OO314 

7.6 

O.O0414 

8.8 

O.OO355 

IO.O 

O.OO3I  I 

7.7 

O.OO408 

8.9 

0.00351 

IO.  I 

O.OO308 

7* 

0.00402 

9.0 

0.00347 

I0.2 

O.OO305 

7.9 

O.OO397 

9-i 

O.O0343 

XO.3 

O.OO302 

8.0 

S.i 

O.OO399 
O.O0387 

9.2 

0.00339 

IO.4 

O.O0299 

9-3 

OO0335 

IO-5 

O.OO290 

8.2 

O.OO383 

9.4 

0.00331 

IO6 

O.O0293 

8.3 

O.OO377 

9-5 

0.00328 

IO.7 

O.O0290 

84 

O.OO372 

9.6 

O.00324 

IO.S 

O.0O288 

6.5 

O.O0368 

9.7 

O.OO321 

IO.9 

O.O0285 

UlflVB&UTT  OF  NABBVXIXB, 

Naahvxllb,  Tbnm. 

[Contribution  from  thb  Havbmbybr  Laboratories,  Columbia  Uni- 
versity, No.  68.] 

ON  THB  DETERMINATION  OP  SULPHUR  IN  COAL.1 

BY  CHAHLEri  W.  STODDART. 
Received  May  aft.  i«m. 

The  Committee  on  Coal  Analysis,  appointed  by  the  American 
Chemical  Society'in  1895,  failed  to  select  one  standard  method  for 
the  estimation  of  sulphur  in  coal.  The  following  work  was  under- 
taken with  reference  to  this  fact,  and  to  decide,  if  possible,  which 
of  the  many  rapid  determinations  is  the  most  accurate. 

COALS  EMPLOYED. 

The  coals  used  were  selected  from  a  large  number  of  samples, 
and  represent  a  wide  range  of  composition  and  locality.  The 
following  analyses  of  these  coals  are  arranged  in  order  of  hard- 
ness, from  coke  to  lignite,  with  sulphur  content  as  first  found  by 
the  ordinary  Eschka  method : 

HH.  pp.  x.  T. 

Percent.        Percent.        Percent.        Percent 

Moisture 0.00  1.93  2.22  1.10 

Volatile  combustible  matter    0.70  2.55  3.78  4.87 

Aah 10.78  1.97  6.91  16.25 

Sulphur 1.03  0.73  0.80  2.02 

Carbon 87.49  92.82  86.29  75.76 

1  Read  at  the  May  meeting  of  the  New  York  Section  of  the  American  Chemical  Society. 
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A.  I.  K. 

Percent        Percent       Percent        Percent. 


Moisture 2.25  2.22  0.48  0.34 

Volatile  combustible  matter    4.94  7.55  15.82  17:72 

**h 3*3  14.93  3.83  6.95 

Sulphur 0.58  0.91  0.61  1.20 

Carbon 89.10  74.39  79.26  73.79 


h.  p.  r*.  n. 

Percent  Percent  Percent.  Percent 

Moisture 0.40  0.44             0.53            0.89 

Volatile  combustible  matter  18.40  20.40           28.89  32.15 

Ash 3.21  6.32           12.22             4.40 

Sulphur 0.70  1. 71             2.93  .0.65 

Carbon 77.29  71.13  55.43  61.91 

B.  D.  B.  GG. 

Percent       Percent        Percent.       Percent 

Moisture 0.99  0.77  0.87  1777 

Volatile  combustible  matter  34.36  40.76  72.86  43.76 

Ash..... 10.56  6.72  6.15  7.60 

Sulphur 2.20  1.12  1.85  0.51 

Carbon 51.89  50.63  18.27  3°.3* 

HH  is  a  ConneUsville  coke,  Pennsylvania. 

FFf  broken  coal  from  Luzerne  County,  Pennsylvania. 

X,  anthracite  coal  from  Pittston,  Pennsylvania. 

T,  egg  coal  from  the  Scranton  District,  Pennsylvania. 

AA,  from  Kingston,  Pennsylvania. 

A,  Ontario  and  Western  coal. 

I,  from  Somerset  County,  Pennsylvania. 
K,  West  Virginia  steam  coal. 
H,  Pocahontas  coal. 

P,  steam  coal  from  the  Beech  Creek  region,  Pennsylvania. 
L,  steam  coal  from  West  Virginia. 

N,  high-grade  steam  coal  from  the  Buffalo,  Rochester,  and 
Pittsburgh  region,  Pennsylvania. 
E,  gas  coal  from  West  Virginia. 
D,  gas  coal  from  West  Virginia. 

B,  cannel  coal  from  Grayson,  Kentucky. 
GG,  lignite,  from  Bismarck,  North  Dakota. 

SELECTION  OP  METHODS. 

In  going  over  the  various  methods  employed  for  the  determina- 
tion of  sulphur  in  coal,  it  was  found  that  the  number  was  too  great 
to  admit  of  all  being  applied  to  each  sample;  therefore  certain 
methods  were  selected  as  typical  ones  for  comparison  on  the  six- 
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teen  coals.  If  only  two  or  three  coals  had  been  chosen,  it  would 
have  been  feasible  to  apply  all  or  most  of  the  methods ;  but  it  was 
thought  far  better  to  use  the  few  important  methods  on  many  coals 
which  varied  widely*  in  composition  and  sulphur  content. 

Carius'  decomposition  of  the  substance  with  fuming  nitric  acid 
in  a  sealed  tube  i$  accurate,  and  might  be  applied  in  this  case,  but 
in  using  coals  with  a  high  percentage  of  volatile  combustible 
matter,  the  pressure  produced  would  probably  shatter  the  tube.  A 
modification  as  given  by  Hodgson1  permits  the  tube  containing  0.5 
gram  of  sample  and  15  cc.  of  fuming  nitric  acid  to  remain  open  for 
six  hour's,  while  being  heated  on  a  water-bath  at  8o°-90°  C. ;  5  cc. 
more  acid  is  then  added,  the  tube  sealed,  heated  at  1500  C.  for 
from  four  to  five  hours  in  a  furnace,  opened  to  relieve  the  pressure, 
and  reheated  at  i8o°-200°  C.  for  from  two  to  four  hours.  The 
residue  is  filtered  off  and  treated  separately  for  sulphur.  The 
filtrate  is  evaporated  down  with  sodium  hydroxide,  the  nitric  acid 
driven  out  by  hydrochloric  acid,  and  dehydrated.  The  dry  mass 
is  taken  up  with  water,  acidified  slightly  with  hydrochloric  acid, 
and  barium  chloride  added.  This  modification  is  long  and  tedious, 
and  no  better  than  other  methods. 

The  best  standard  means  for  obtaining  the  sulphur  content  of  a 
coal  is  combustion  in  an  atmosphere  of  oxygen,  passing  the 
products  of  decomposition  through  some  absorbent  solution,  and 
testing  the  residue  for  sulphur.  '  Sauer's  combustion  method2  is 
probably  as  well  known  as  any,  but  elaborate  apparatus  is  re- 
quired,  and  complete  decomposition  of  the  tarry  products  is  not 
easy.  Other  modifications,  notably  that  of  Drown,8  are  not  much 
better. 

At  Columbia  University  there  is  an  Atwater-Blakeslee  bomb 
calorimeter  in  which  coal  can  be  burned  in  oxygen  under  any 
pressure  up  to  50  atmospheres.  This  gives  complete  combustion, 
and  as  there  are  appliances  for  passing  the  products  of  com- 
bustion through  absorbent  solutions,  all  volatile  sulphur  com- 
pounds, if  any,  can  be  readily  recovered.  The  combustion  is 
almost  instantaneous,  the  operation  very  simple,  and  all  trouble- 
some apparatus  avoided.  Under  these  circumstances  the  calorim- 
eter was  selected  as  the  means  of  obtaining  standard  figures  for 
sulphur.    The  method  of  procedure  is  as  follows : 

1  This  Journal,  so,  885. 

*  Zischr.  anal.  Chem.%  is,  32. 

*  Am.  Gum.  /.,  3, 404  ;  4,  11. 
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Standard  Method. — About  0.5  gram  of  coal  is  forced  into  a 
pellet  by  means  of  the  special  press  which  accompanies  the  calorim- 
eter. The  pellet  is  carefully  weighed  in  a  tared  platinum  cap- 
sule, and  placed  in  the  support  which  consists  of  a  wire  ring 
fastened  to  a  straight  rod.  The  latter  projects  through  the  cover 
of  the  bomb.  A  second  rod  passes  through  the  cover,  parallel  to 
the  first,  but  not  touching  it.  A  fine  iron  wire,  coiled  spirally  in 
the  center,  is  attached  at  each  end  to  the  parallel  rods,  and  is  in 
contact  with  the  pellet  of  coal.  The  cover  is  now  placed  on  the 
bomb  which  is  of  heavy  steel,  platinum-lined  throughout.  A 
heavy  steel  flange  is  set  over  the  cover  and  screwed  down  tightly 
by  means  of  a  lever  and  clamp.  A  lead  gasket  in  the  cover  fits 
over  the  top  of  the  bomb  so  that  the  apparatus  is  hermetically 
sealed.  In  the  cover  is  a  valve  with  a  connection  for  the  oxygen 
tank,  in  order  that  the  gas  under  a  pressure  of  25  atmospheres  can 
be  forced  into  the  bomb.  After  closing  the  valve  and  disconnect- 
ing; from  the  tank,  the  bomb  is  attached  by  the  projecting  rods  to  a 
row  of  four  16  candle-power  lamps  in  parallel,  giving  a  current  of 
2  amperes.  When  the  circuit  is  closed  the  lamps  flash  for  an  in- 
stant. The  wire  is  of  course  oxidized  at  once  when  it  becomes 
incandescent  from  the  current,  and  its  melting  breaks  the  circuit. 
The  combustion  of  the  coal  is  completed.  The  bomb  is  discon- 
nected, and  a  delivery  tube  of  fine  bore  is  introduced  into  the 
valve.  The  other  end  of  the  tube  is  fastened  to  a  U-tube  contain- 
ing hydrochloric  acid  and  bromine  water.  The  valve  is  opened 
slightly  and  the  compressed  oxygen  bubbles  through  the  absorbent 
solution.  If  any  sulphur  dioxide  is  present,  it  is  thus  recovered. 
Combustion  under  pressure,  however,  in  all  probability  converts 
the  sulphur  all  to  sulphur  trioxide  which  is  condensed  with  the 
moisture  on  the  interior  of  the  bomb.  After  the  gas  has  been  ex- 
hausted, the  cover  is  removed,  and  the  latter,  as  well  as  the  inside 
of  the  bomb,  thoroughly  washed  out  into  a  beaker.  The  residue 
is  filtered  off,  washed,  dried,  and  fused  with  sodium  potassium 
carbonate.  Then  it  is  leached  with  water,  filtered,  acidified, 
evaporated  to  dryness,  and  dehydrated,  taken  up  with  1.5  cc.  of 
hydrochloric  acid  and  200  cc.  of  water,  filtered,  10  cc.  of  barium 
chloride  added  to  the  warm  solution,  and  allowed  to  stand  over 
night.  There  is  usually  iron  present,  so  precipitation  should  be 
completed  in  the  cold,  and  the  solution  not  boiled  at  first.    The 
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original  filtrate  from  the  bomb  washings  is  boiled  to  expel  bro- 
mine, 10  cc.  of  barium  chloride  added,  and  the  sulphur  determined 
as  barium  sulphate.  The  sum  of  the  sulphur  obtained  in  the 
filtrate  and  residue  is  the  total  sulphur  in  the  coal.  With  an 
average  of  580  mg.  of  coal  taken,  the  barium  sulphate  in  the  resi- 
due averaged  4.2  mg. 

The  soft  coals  press  very  readily  into  pellets,  but  the  hard  coals 
do  not.  The  latter  were  therefore  packed  into  the  capsule  as 
tightly  as  possible,  and  a  small  piece  of  ashless  filter-paper  fitted 
over  the  top  to  prevent  scattering.  The  coil  of  wire  was  sunk  in 
the  coal  and  the  ends  pierced  the  paper.  In  this  way  complete 
combustion  of  the  hard  coals  was  obtained. 

Although  in  some  cases,  especially  with  coke,  mechanical  diffi- 
culties have  been  encountered  in  getting  complete  combustion, 
this  method  is  chemically  most  perfect.  The  oxidizable  sulphur  is 
oxidized  under  the  most  favorable  possible  conditions,  and  the 
residual  sulphur  converted  to  sodium  sulphate  by  fusion ;  now  if 
the  precaution  is  taken  to  dehydrate  the  silica  and  to  precipitate 
the  barium  sulphate  under  the  best  conditions,  this  seems  to  be  the 
most  reliable  method  for  standard  results,  though  perhaps  too  long 
for  technical  work. 

Other  Methods. — To  compare  with  the  standard  method,  Esch- 
ka's  was  of  course  chosen  as  being  the  best  known  method  for 
estimating  sulphur  in  coal.  A  method  recommended  by  Stolba,1 
and  unlike  Eschka's,  was  also  selected.  Antony  and  Lucchesi*  pro- 
posed a  method  that,  they  claimed,  gave  better  results  than  Esch- 
ka's. It  was  apparently  worth  trying.  Their  original  article  pro- 
posed the  precipitation  of  barium  sulphate  in  a  nitric  acid  solution. 
This  is,  of  course,  impracticable.  Dubois*  copies  their  method 
exactly,  but  substitutes  hydrochloric  for  nitric  acid.  As  an 
example  of  fusion  methods  Thomson's4  was  chosen.  Hodgson* 
used  sodium  peroxide  as  an  oxidizing  agent,  and  it  was 
decided  to  try  his  method. 

The  details  of  the  various  methods  as  used  in  this  work  are  as 
follows : 

*  I4*ty  Chemick*.  is,  aot. 

*  Gets.  ckim.  iUtf.%  *o, 181. 

*  Bull.  Assoc.  BelgtdssChim..  15,  [6],  225. 
4  y.  Soc.  Cktm.  /*</.,  6,  526. 

*  This  Journal,  JO,  886. 


SULPHUR  IN  COAL.  857 

Eschka's  Method.— Heath's  modification,  slightly  changed:1  1 
gram  of  finely  powdered  coal  is  mixed  with  1  gram  of  magnesium 
oxide  and  0.5  gram  of  sodium  carbonate  in  a  platinum  dish  having 
a  capacity  of  75-100  cc.  A  crucible  may  be  used.  The  magnesitfm 
oxide  should  be  light  and  porous.  The  dish  is  heated  on  a  triangle 
over  an  alcohol  lamp.  The  mixture  is  frequently  stirred  with  a 
platinum  wire  or  glass  rod,  and  the  heat  applied  very  gradually, 
especially  with  soft  coals.  Towards  the  end,  the  bottom  of  the 
dish  should  be  at  a  low  red  heat.  When  the  carbon  is  all  con- 
sumed, the  mass  is  transferred  to  a  beaker  and  the  dish  rinsed, 
about  50  cc.  of  water  being  used.  Fifteen  cc.  of  saturated  bromine 
water  are  added  and  the  solution  boiled  for  five  minutes:  The 
residue  is  allowed  to  settle  and  the  clear  liquid  decanted  through 
a  filter ;  it  is  boiled  a  second  and  third  time  with  30  cc.  of  water, 
and  washed  very  thoroughly.  The  residue  was  not  further  exam- 
ined. The  volume  of  the  filtrate  should  be  about  200  cc.  One 
and  a  half  cc.  of  concentrated  hydrochloric  acid  are  added  and  the 
solution  is  boiled  until  the  bromine  is  expelled.  Now  10  cc.  of  10 
per  cent,  barium  chloride  solution  are  added  to  the  hot  solution 
drop  by  drop,  and  with  constant  stirring.  It  is  next  digested  over  a 
low  flame,  with  occasional  stirring,  until  the  precipitate  settles 
clear.  The  barium  sulphate  is  filtered  and  washed,  using  a  small 
ashless  filter-paper,  ignited  and  weighed. 

Stolba's  Method. — 1  gram  of  finely  ground  coal  is  mixed  with  1 
gram  of  silver  powder  and  1  gram  of  potassium  acid  carbonate, 
and  the  whole  carefully  heated  with  frequent  stirring  until  no  dark 
particles  remain.  The  mass  is  then  transferred  to  a  beaker  with 
about  50  cc.  of  water  and  boiled,  allowed  to  settle,  and  the  clear 
liquid  decanted  through  a  filter.  Two  more  portions  of  water,  30 
cc.  each,  are  added  and  the  solution  boiled  as  before.  The  residue 
is  now  transferred  to  the  filter  and  thoroughly  washed.  The  fil- 
trate is  acidified  with  \.$  cc.  of  hydrochloric  acid  and  the  carbon 
dioxide  boiled  out.  Ten  cc.  of  barium  chloride  are  added,  and 
barium  sulphate  is  precipitated  as  in  Eschka's  method.  In  most 
cases  it  is  found  advisable  to  add  a  few  drops  of  ammonium 
acetate  solution  to  prevent  a  jsfimy  brown  residue  from  running 
through  the  filter.     It  is  also  frequently  necessary  to  filter  the 

1  This  Journal.  21, 1127. 
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solution  more  than  once  to  obtain  a  clear  filtrate  for  the  precipita- 
tion of  barium  sulphate. 

Antony  and  Lucchesi's  Method. — 1  gram  of  finely  powdered 
coal,  mixed  with  4  grams  of  manganese  dioxide,  1  gram  of  potas- 
sium permanganate,  and  2  grams  of  sodium  carbonate,  is  placed 
in  a  platinum  crucible  and  covered  with  a  layer  of  the  same 
oxidizing  mixture.  Heat  is  applied  very  gradually  at  first  to  pre- 
vent deflagration  of  the  contents,  and  is  finally  raised  until  the 
bottom  of  the  crucible  is  just  reddened.  After  half  an  hour  of 
such  heating  the  mass  is  allowed  to  cool  and  is  then  transferred  to 
a  beaker  with  about  50  cc.  of  water  and  boiled.  It  is  now 
allowed  to  settle  and  the  clear  liquid  decanted  through  a  filter. 
Two  more  additions  of  30  cc.  of  water  each  are  made,  and  the 
mixture  is  boiled  as  before.  The  mass  is  finally  all  transferred  to 
the  filter  and  thoroughly  washed.  The  filtrate  is  acidified,  and 
barium  sulphate  precipitated.  In  this  case  two  filtrations  are 
always  necessary  to  obtain  a  clear  solution.  The  addition  of 
ammonium  acetate  solution  helps  to  a  great  extent.  Manganese 
dioxide  is  the  cause  of  the  trouble. 

Thompson's  Method.— 1  gram  of  the  coal  is  mixed  with  2  grams 
of  sodium  carbonate  and  gently  heated  until  all  the  carbon  is 
burned  away.  The  mass  is  then  fused  and  a  little  potassium 
nitrate  added  to  complete  the  oxidation  to  sulphate.  After  the 
mass  has  cooled  it  is  leached  with  water,  filtered,  the  filtrate  acidi- 
fied with  hydrochloric  acid,  and  evaporated  to  dryness.  The 
silica  is  dehydrated,  the  mass  taken  up  with  1.5  cc.  of  hydrochloric 
acid  and  about  50  cc.  of  water,  and  filtered.  The  filtrate  is  diluted 
to  200  cc,  and  barium  sulphate  precipitated  as  usual. 

Hodgson's  Method. — 1  gram  of  the  coal  is  placed  in  a  nickel 
crucible  and  covered  with  4  grams  of  sodium  potassium  carbonate 
and  1  gram  of  solid  sodium  hydroxide.  The  crucible  is  covered 
and  heat  applied  gently  until  gases  are  driven  off.  Then  the  heat 
is  raised  and  small  amounts  of  sodium  peroxide  are  added  until  no 
further  action  occurs.  Perfect  fusion  is  now  obtained  with  the 
blast-lamp.  The  mass  is  allowed  to  cool  and  is  then  leached 
thoroughly  with  water, — about  50  cc.  It  is  then  filtered,  washed 
with  hot  water,  the  filtrate  acidified  with  hydrochloric  acid, 
evaporated  to  dryness,  the  silica  dehydrated,  and  the  dry  mass 
taken  up  with  hydrochloric  acid  and  water.  After  filtering,  the 
sulphur  is  determined  as  usual.    Only  two  samples  were  tried  by 
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this  method.    The  results  were  low,  and  the  method  unsatis- 
factory. 

GENERAL  PRECAUTIONS. 

To  avoid  possible  contamination  from  gas,  alcohol  lamps  were 
used  throughout  these  experiments. 

All  the  chemicals  were  carefully  tested  for  sulphur,  and  the 
necessary  correction  applied,  if  needed.  Sodium  carbonate,  potas- 
sium acid  carbonate,  hydrochloric  acid,  and  bromine  contained  no 
sulphur.  Magnesium  oxid6  contained  0.002  per  cent. ;  manganese 
dioxide,  0.004  per  cent. ;  potassium  permanganate,  0.028  per  cent. ; 
sodium  hydroxide  0.015  per  cent. ;  and  sodium  peroxide,  0.002  per 
cent. 

Constant  acidity  was  maintained  in  all  the  analyses  for  the  pre- 
cipitation of  barium  sulphate;  namely,  1.5  cc.  of  concentrated 
hydrochloric  acid  to  200  cc.  of  solution. 

It  was  found  convenient  to  add  the  barium  chloride  solution 
from  a  burette.  After  the  200  cc.  of  acidified  solution  had  been 
heated  to  boiling  on  an  asbestos  disk,  the  burette  was  brought  over 
the  beaker  and  10  cc.  of  10  per  cent,  barium  chloride  solution  were 
added  drop  by  drop,  stirring  all  the  time.  The  stirring  was  con- 
tinued at  intervals  after  the  barium  chloride  had  been  added,  until 
the  barium  sulphate  settled  clear. 

RESULTS. 

The  results  as  obtained  by  these  methods  are  as  follows : 

Manganese 

Combustion    Bschka's     "Eschka's      Stolba's       dioxide  Thomson's 

method.        method.  Dehydrated."1  method.       method.  method. 

Coal.            Percent.       Percent.       Percent.     Percent.      Percent.  Percent. 


... 


• . 


•  *  .  ■ 


. . 


HH 0.67  1.03  1.01  0.89           0.67 

FF 0.70  0.73  ...  0.65            0.58           0.59 

X 0.82  0.80  ..•  0.81            0.79 

T 1.65  2.02  1.67  1.64 

AA  ......  0.51  0.58  0.56  0.51            0.52 

A 0.67  0.91  0.70  0.62 

I 0.64  0.61  ...  0.60            0.60            0.55 

K 1.21  1.20  ...  1. 15 

H 0.70  0.70  ...  062 

F 1.99  1.71  ...  1.75 

!*•• 3.09  2.93  ...  3.08             ...            3.08 

N 0.65  0.65  ...  0.65            0.64            0.67 

E 2.23  2.20  ...  2.05 

D 1. 21  1. 12  ...  1.07 

B 1.35  1.85  X.35  1-34 

GG 0.53  0.51  ...  0.38           0.50 

1  See  following  paragraph. 


•  • 


a  •   •  •    • 


-•    • 


•  •   • 
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DEHYDRATION  Otf  SILICA  IN  ESCHKA'S  METHOD. 

In  examining  these  results  it  is  seen  that  HH,  T,  A  A,  A,  and  B 
are  lower  by  the  combustion  method  than  by  Eschka's.  It  was 
thought  that  the  higher  results  might  be  due  to  silica  coming  down 
with  barium  sulphate.  To  remedy  this,  dehydration  was  tried 
after  acidification  of  the  filtrate.  The  percentages  thus  obtained 
are  given  in  the  column  marked  "Eschka's  Dehydrated."  Evi- 
dently in  the  case  of  HH  it  was  not  silica  that  caused  a  high  re- 
sult. The  trouble  seems  to  have  been  in  the  combustion  method. 
HH,  being  a  coke,  had  practically  no  moisture  or  volatile  com- 
bustible matter,  and  was  consequently  so  dry  that  it  would  not 
pack  at  all  in  the  capsule.  Complete  combustion  was  in  go  trial 
obtained,  and  the  sulphur  was  not  obtained  on  fusing  the  residue. 

AA  was  lowered  only  a  little,  but  T,  A,  and  B  show  that  dehy- 
dration of  silica  is  necessary  in  order  'to  get  accurate  results.  T 
had  16  per  cent,  of  ash,  A  15  per  cent.,  B  only  6  per  cent.,  and  AA 
3  per  cent.  Although  a  high  percentage  of  ash  would  be  expected 
to  give  more  silica  to  contaminate  the  barium  sulphate,  this  con- 
tamination is  not  always  confined  to  high  ash  coals.  The  tempera- 
ture to  which  the  substance  is  subjected  must  have  something  to 
do  with  the  interference  of  silica,  and  as  it  is  very  difficult  to  keep 
the  same  temperature  for  all  the  experiments,  it  is  better  in  all 
cases  to  dehydrate  the  silica. 

BARIUM,    STRONTIUM,    AND    CALCIUM     SULPHATES     IN     ESCHKA'S 

METHOD. 

P,  by  Eschka's  method,  is  lower  than  by  the  combustion 
method.  The  residue  was  tested  for  barium  to  see  if  sulphur  as 
barium  sulphate  might  have  been  present,  and  not  obtained  by  this 
treatment.  None  was  found.  Nevertheless  it  is  interesting  to 
know  whether  or  not  Eschka's  mixture  obtains  sulphur  contained 
in  the  coal  as  barium  sulphate,  strontium  sulphate,  and  calcium 
sulphate.  H  was  selected  and  separate  additions  of  10,  20,  30  and 
40  mg.  of  pure  barium  sulphate  were  made.  The  sample  thus  ob- 
tained was  subjected  to  exactly  the  same  treatment  as  at  first.  In 
every  case  the  silica  was  dehydrated  to  avoid  any  possible  contami- 
nation. 

Barium  sulphate  in  H  as  first  analyzed  =  0.0510  gram. 


SULPHUR  IN  COAL.  86 1 

Theoretical  results.  Actual  results. 

Gram.  Gram. 

-f- 10  mg.  barium  sulphate 0.0610  0.0510 

-j- 30  mg.  barium  sulphate 0.07 10  0.0551 

+30  mg.  barium  sulphate 0.0810  0.0559 

+40  mg.  barium  sulphate*  •  •  •  •  •  0.0910  0.0622 

The  same  additions  were  made  again  and  the  mass  was  treated 
at  a  very  much  higher  temperature  (bright  red)  for  about  an  hour 
after  the  carbon-  was  all  burned  off. 

Results  with  high  heat. 
Gram. 

-f  10  mg.  barium  sulphate 0.0613 

+20  mg.  barium  sulphate 0.0682 

+30  mg.  barium  sulphate 0.0667 

-f  40  mg.  barium  sulphate 0.0901 

These  results  are  irregular,  but  indicate  that,  as  usually  carried 
out,  the  method  gives  a  fraction  of  the  sulphur  present  as  barium 
sulphate,  and  that  the  conversion  of  larger  amounts  is  entirely 
dependent  on  the  increased  temperature. 

Using  the  same  sample,  10  and  40  mg.  of  strontium  sulphate 
were  added. 

Theoretical  results.  Actual  results. 

Barium  sulphate.  Barium  sulphate. 

Gram.  Gram* 

-f  10  mg.  strontium  sulphate 0.0637  0.0620 

+40  mg.  strontium  sulphate o.  1018  0.0943 

Also  10  and  40  mg.  of  calcium  sulphate  were  added. 

Theoretical  results.  Actual  results. 

Barium  sulphate.  Barium  sulphate. 

Gram.  Gram. 

-+-10  mg.  calcium  sulphate 0.0681  0.0680 

+40  mg.  calcium  sulphate o.  1 196  o.  1 1 79 

Silica  was  dehydrated  in  these  experiments  as  in  the  case  of 
barium  sulphate. 

It  is  a  well-known  fact  that  when  strontium  sulphate  and  cal- 
cum  sulphate  are  boiled  with  sodium  carbonate  they  are  converted 
to  strontium  carbonate,  calcium  carbonate,  and  sodium  sulphate. 
This  fact  alone  was  depended  upon  to  get  the  sulphur  so  combined, 
and  therefore  high  heating  was  not  employed.  The  results  indicate 
that  such  is  the  case.  But  as  only  0.5  gram  of  sodium  carbonate 
is  used  in  the  Eschka  method,  not  quite  all  of  the  strontium  and 
calcium  sulphates  were  converted  to  sodium  sulphate.  If  a  larger 
quantity  of  sodium  carbonate  had  been  added,  all  the  sulphur 
would  have  been  obtained. 


1 


862  CHARLES  W.  STODDART. 

SILVER  POWDER  IN  STOLBA'S  METHOD. 

The  presence  of  silver  powder  in  Stolba's  method  seemed  un- 
necessary. It  certainly  was  not  needed  for  the  purpose  of  carry- 
ing sulphur  in  solution  as  silver  sulphate,  since  no  precipitate  of 
silver  chloride  formed  on  acidifying  the  filtrate  with  hydrochloric 
acid.  To  test  the  ^necessity  of  its  use  four  samples  (AA,  L,  N, 
and  B)  were  chosen  and  the  method  repeated,  omitting  the  silver 
powder.    The  results  are  as  follows : 

Without  silver  powder.  Pint  results. 

Per  cent  Per  cent. 

AA O.53  0.51 

L 333  308 

N 0.60  0.65 

B 1.38  1.34 

With  the  silver  powder  the  results  agree  almost  exactly  with  the 
standard  method ;  without  it  they  do  not.  The  silver  powder  is 
evidently  very  useful,  but  what  its  function  is  we  do  not  know. 

MANGANESE  DIOXIDE  IN  ANTONY  AND  LUCCHESl'S  METHOD. 

Results  from  Antony  and  Lucchesi's  method  are  very  good,  but 
its  fault  as  a  rapid  means  of  estimating  sulphur  is  the  action  of 
the  manganese  dioxide.  It  runs  through  the  filter  very  badly, 
requiring  at  least  two,  and  usually  three,  filtrations  to  obtain  a 
clear  solution.  Even  then  the  precipitate  of  barium  sulphate  is 
contaminated  with  manganese  dioxide.  The  addition  of  a  few 
drops  of  ammonium  acetate  solution  checks,  to  a  certain  extent, 
the  running  through.  Great  care  has  to  be  observed  in  heating  up 
the  mass,  else  deflagration  will  cause  loss  by  spattering. 

DEHYDRATION  IN   THOMSON'S  METHOD. 

Thomson's  method  seems  simple  and  gives  fair  results,  but  de- 
hydration of  the  silica  is  absolutely  necessary  after  the  fusion  with 
carbonate. 

SODIUM  PEROXIDE  IN  HODGSON'S  METHOD. 

Hodgson's  use  of  sodium  peroxide  is  no  improvement  over  the 
old  deflagration  method  of  fusion  with  carbonate  and  nitrate. 
Sodium  hydroxide  contains  sulphur  and  is  hard  to  weigh  accu- 
rately. Sodium  peroxide  also  is  impure  to  a  slight  extent,  and 
since  it  is  added  in  small  portions  at  a  time,  and  quickly  becomes 
sticky,  it  is  extremely  difficult  to  know  just  how  much  has  been  put 
in.    Worst  of  all,  the  mass  glows  and  spits  violently  when  the 
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sodium  peroxide  is  added  to  the  fused  mixture,  and  great  care 
must  be  exercised  to  prevent  loss.  Only  two  samples  were  tried 
with  this  method.  Complete  combustion  was  in  no  case  obtained, 
constant  attention  was  required,  and  the  use  of  the  blast-lamp 
needed  at  the  end,  thus  allowing  contamination  from  the  gas  flame. 
All  in  all  this  method  is  exceedingly  impractical. 

GENERAL  COMPARISON. 

Comparing,  all  these  methods  of  estimating  sulphur  with  the 
standard,  it  appears  that  Eschka's  method  is  the  best.  In  order  to 
get  accurate  results,  however,  the  silica  must  be  dehydrated.  For 
commercial  purposes  the  method  without  dehydration  is  satis- 
factory. As  to  ease  of  manipulation,  Eschka's  method  is  much 
better  than  the  others.  There  is  no  deflagration  or  sputtering  of 
the  dry  mass,  providing,  of  course,  that  high  heat  is  not  applied  at 
once,  and  moderate  care  is  observed.  In  the  manganese  dioxide 
method  the  mass  will  splutter  unless  extreme  care  is  taken. 
Stolba's  method  is  almost  as  bad.  The  sodium  peroxide  method 
is  worst  of  all.  As  regards  ease  of  filtration,  Eschka's  method  is 
again  the  best.  There  is  no  running  through  of  the  residue. 
Manganese  dioxide  always  runs  through,  and  the  Stolba  method 
gives  trouble.  The  Eschka  method  gives  sulphur  combined  as 
strontium  sulphate  and. calcium  sulphate,  and  if  heated  to  a  bright 
red  heat  will  get  small  amounts  of  sulphur  existing  as  barium 
sulphate. 

conclusion. 

Attention  is  called  to  the  fact  that  a  large  number  of  coals  were 
selected  from  many  samples  received,  in  order  to  get  the  widest 
possible  range  both  of  composition  and  locality.  Hence  the 
methods  were  tried  under  all  conditions  in  which  sulphur  might 
exist.  If  only  a  few  samples  had  been  used,  and  very  thoroughly 
worked  over,  definite  conclusions  would  have  been  quickly  reached 
— conclusions  that  would  hold  only  for  those  few  coals.  Where 
many  and  varied  samples  are  tried,  the  conclusions  may  not  be 
quite  as  definite,  but  such  as  they  are  they  apply  to  all  coals. 

The  comparison  of  results  strongly  confirms  the  accuracy  of  the 
standard  method  on  all  the  sahiples  of  coal. 

Eschka's  method  with  the  silica  dehydrated  is  the  best  of  the 
existing  practical  methods. 
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The  remaining  methods,  though  capable  of  accuracy  in  many 
cases,  and  particularly  adapted  to  certain  coals,  do  not  by  the  relia- 
bility of  the  results  or  the  ease  of  manipulation  rival  either  the 
standard  method  or  that  of  Eschka. 

The  preceding  work  was  undertaken  at  the  suggestion  of  Pro- 
fessor Edmund  H.  Miller,  and  for  his  advice  and  assistance 
throughout  the  course  of  these  experiments  the  writer  owes  his 
most  grateful  thanks. 

QUAHTITATXVB  LABORATORY, 

May  ao,  190a. 


ON  A  nETHOD  FOR  THE  DETERMINATION  OF  VERY  SflALL 
VAPOR-TENSIONS  IN  CERTAIN  CIRCUnSTANCBS. 

By  I^aukcrlot  W.  Andrews. 

Rerelrad  J  una  7.  190a. 

While  much  has  been  done  in  recent  years  on  the  vapor- 
tensions  of  solvents,  there  has  been  but  little  work  upon  the  tension 
of  volatile  substances  in  solution.  It  can  not  be  doubted,  however, 
that  an  investigation  of  phenomena  of  the  class  alluded  to, 
promises  interesting  results  if  the  experimental  difficulties  can  be 
overcome.  The  method  to  which  I  would  invite  attention  is  based 
on  a  comparison  of  the  tension  of  the  solvent,  assumed  as  known, 
with  that  of  the  substance  dissolved. 

If  a  substance,  whose  vapor-tension  is  S  and  molecular  weight 
is  M,  evaporates  freely  into  a  volume  V  of  air  until  the  latter  is 
saturated,  we  have  for  the  weight  of  the  substance  evaporated,  W, 
at  constant  volume, 

W  =  MSV  const.,  (1) 

in  which  the  constant  depends  upon  the  units  chosen.  If  a  second 
substance  with  vapor-tension  s,  molecular  weight  m,  evaporates 
simultaneously  into  the  same  volume  of  air  to  saturation,  its 
weight,  w,  will  be 

w  =  msV  const.  (2) 

Combining  equations  (1)  and  (2)  and  assuming  all  quantities 
as  known,  except  s  and  V,  we  have 

S~tniV'  (3) 
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In  this  expression,  the  magnitudes  indicated  by  the  capital 
letters  may  belong  to  the  solvent,  those  indicated  by  small  letters 
to  the  substance  dissolved.  The  vapor-tension  5"  would,  of  course; 
be  that,  not  of  the  pure  solvent  but  as  diminished  by  the  material 
in  solution,  according  to  Raoult's  law. 

In  practice  the  method  thus  outlined  may  be  carried  out  as 
follows :  Assume,  as  a  concrete  case,  that  a  determination  of  the 
tension  flf  iodine  in  a  solution  of  this  element  with  potassium 
iodide  and  water  is  to  be  undertaken.  The  solution  is  weighed  in 
a  suitable  vessel,  and  placed  in  a  thermostat.  A  slow  current  of 
dry  air  is  passed  through  it  for  a  time,  and  it  is  again  weighed. 
The  loss  of  weight  equals  evaporated  water  plus  iodine, 
(or  =w+lV),  and  titration  of  the  solution  before  and  after 
shows  how  much  of  this  loss  is  due  to  evaporated  iodine. 

All  the  required  data  for  formula  (3)  are  therefore  at  hand. 
As  yet,  the  method  has  been  applied  only  to  a  study  of  starch 
iodide,  of  which  an  account  will  be  found  in  the  following  paper. 
It  was  devised  and  experiments  with  it  were  begun  more  than  two 
years  ago,  but  circumstances  beyond  control  of  the  present  writer 
have  delayed  publication  so  long  already  that  it  seems  undesirable 
to  withhold  preliminary  notice  any  longer. 

So  far  as  iodine  solutions  are  concerned,  I  would  reserve  the 
field  for  a  time. 


CONTRIBUTIONS  TO  THE  STUDY  OF  STARCH  IODIDE. 

By  Lattncrlot  W.  Akdrrws  am d  Henry  Max  Gokttsch. 

Received  June  ?,  nom. 

Since  the  discovery  of  the  blue  substance  known  as  "starch 
iodide"  by  Stromeyer,1  our  knowledge  of  its  properties  has  been 
enriched  by  numerous  researches2.  In  spite,  however,  of  the 
remarkably  extensive  literature  pertaining  to  the  subject,  no  con- 
sensus of  opinion  has  been  arrived  at  with  regard  to  either  the 
nature  of  the  substance,  its  composition,  or  even  some  of  its  more 
important  properties. 

Thus,  while  Blondlot,  Bechamp,  Pohl,  R.  Fresenius,  Duclaux, 
Bruckner,  and  Kiister*  consider  it  to  be  a  mixture  of  starch  with 

*  Thorpe's  Diet.,  Vol.  Ill,  p.  565. 

*  See  bibliography  at  the  end  of  this  paper. 
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iodine,  or  a  solution  of  the  latter  in  the  former,  Rouvier,  Payen, 
Fritsche,  Bondonneau,  P.  Guichard,  Sonstadt,  Pellet  and  others 
hold  it  to  be  a  chemical  compound  of  starch  and  iodine.  These 
authorities  are  nevertheless  far  from  agreement  as  to  the  composi- 
tion of  the  compound.  They  give  the  amount  of  iodine  contained 
all  the  way  from  3.2  per  cent,  as  a  minimum,  up  to  19.6  per  cent, 
as  a  maximum,  and  present  formulas  varying  over  a  correspond- 
ingly, wide  range. 

Ostwald,  in  the  first  edition  of  his  "Wissenschaftliche  Grund- 
lagen,"  holds  it  to  be  an  easily  dissociable  compound,  while  in  the 
second  edition  of  the  same  book,  influenced  probably  by  Kuster's 
recent  work,  he  adds  the  modifying  clause  "beziehungsweise  einer 
festen  Losung." .  Bernthsen1  takes  an  identical  view,2  regarding 
starch  iodide  as  a  dissociable  compound. 

Mylius*  maintains  that  the  presence  of  hydriodic  acid  or  an 
iodide  is  essential  to  the  formation  of  starch  iodide,  to  which  he 
assigns  the  formula  (C24H40O20I)4HI  ?is  most  probable.  Seyfert, 
as  also  T6th,  disputed  the  presence  6f  hydriodic  acid  or  alkali 
iodide  as  essential  to  the  existence  of  the  blue  compound. 

EXPERIMENTAL. 

It  seemed  best  to  simplify  the  conditions  so  tar  as  possible  by 
confining  the  study  of  the  action  of  iodine  on  starch  to  clear  solu- 
tions of  the  latter,  in  order  to  avoid  complications  arising  from 
variations  in  the  physical  condition  of  the  starch.  Therefore, 
in  the  work  described  in  the  following  pages,  only  such  solu- 
tions were  used. 

1  •  •  •  i 

The  iodine  employed  was  prepared  from  "chemically  pure*' 
iodine  of  the  shops  by  distillation  with  potassium  iodide  in  a  cur- 
rent of  steam.     It  was  free  from  cyanide. 

The  solutions  of  starch  .were  made  by  heating  maize  starch4 
with  water  in  an  autoclave.  At  first  a  few  drops  of  chloroform 
were  added  to  the  solutions  as  a  preservative,  but,  as  this  seemed 
to  induce  partial  precipitation  of  starch  after  standing,  this  prac- 
tice was  discarded  after  the  first  set  of  experiments  described 
below. 

1  "  Organische  Chemie,"  sixth  edition,  p.  307. 

*  "  Sowohl  die  St&rkekorner,  als  der  St&rkekleister  werden  von  Jod  intenshr  Warn, 
von  Brom  feuergelb  gef&rbt,  indem  lockere,  additionelle  Verbindungtn  entstehen." 

*  See  bibliography. 

*  Washed  with  water,  dilute  hydrochloric  acid,  alco*     and  water. 
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Starch  Iodide  Prepared  in  the  Cold. 

Series  /. — Ten  grams  of  starch  were  heated  to  1750  with  100  cc. 
of  water  for  about  three  hours.  The  solution  was  brownish  but 
perfectly  clear,  and  filtered  readily.  A  few  drops  of  chloroform 
were  added,  and  after  standing  a  day,  part  of  the  starch  had  pre- 
cipitated. The  solution,  somewhat  diluted,  was  well  shaken  with 
fine  asbestos,  when  it  easily  filtered  clear. 

To  determine  the  strength  of  this  solution,  5  cc.  were  evaporated 
to  dryness  at  ioo°  and  brought  to  constant  weight  by  heating  itvan 
air-bath  at  io5°-iio°.  This  operation  demands  care,  in  conse- 
quence of  the  extraordinarily  hygroscopic  character  of  the 
product.     Five  cc.  of  solution  yielded  0.1834  gram  of  starch. 

This  standard  solution  was  diluted  to  make  solutions  containing 
respectively,  10.000,  5.000,2.500,  1.250,  and  0.625  grams  per  liter. 
To  each  solution  was  added  an  amount  of  pulverized  iodine  equal 
to  the  amount  of  starch  present;  and  the  whole  was  shaken  by  a 
motor  (usually  for  about  six  hours),  allowed  to  stand  over  night, a 
sample  withdrawn  for  titration,  and  the  remainder  again  shaken, 
etc.  In  the  following  table  the  amounts,  in  grams  per  liter,  of 
iodine  dissolved  are  shown. 

Table  I. 

Concentration  of  starch, 

g.  perL 10             51  5  2.5  1.25  0.625 

Concentration  of  iodine, 

g.  perL: 

After   5  days °Z^  °*474  0.468  0.290  0.264       0.242 

After   7  days 0.842  0.520  0.526  0.348  0.290       0.252 

After  10  days 0.894  0.552  0.566  0.342  0.299        0.262 

After  11  days 0.922  0.572  0.598  0.408  0.318       0.270 

After  12  days 0.936  0.580  0.598  0.402  0.322        0.286 

After  17  days 1.028  0.648  6.652  0.428  0.318 


• . 


If  the  results  are  plotted  as  a  curve  with  the  respective  starch 
concentrations  as  ordinates  and  the  final  iodine  concentrations 
(solubilities)  as  abscissas,  practically  a  straight  line  is  obtained. 
This  line  cuts  the  x  axis  at  a  point  corresponding  to  the  iodine 
concentration  of  0.24  gram  per  liter,  about,  that  is  to  say,  at  the 
point  corresponding  very  closely  with  the  best  determinations  of 
the  solubility  of  iodine  in  water.  The  temperature  fluctuated  be- 
tween 220  and  250,  200  being  only  once  recorded. 

1  This  folntkm  wat  freed  from  chloroform  by  blowing  air  through  it  before  adding 
iodine.  The  figures  show  that  the  pretence  of  traces  of  chloroform  do  not  influence  the 
solubility  of  the  iodine. 
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Allowing  for  the  solubility  of  the  iodine  in  the  water,  we  find  a 
fairly  steady  relation  between  iodine  and  starch.  The  mean  value 
of  this  relation  is  about  7.63  per  cent,  or  in  other  words,  the 
"starch  iodide"  in  the  solution  contains  about  7.1  per  cent  of 
iodine. 

Since  the  starch  solution  used  in  this  series  of  experiments  gave 
some  evidence  of  having  been  heated  to  too  high  a  temperature  (it 
gave  with  a  trace  of  iodine  a  violet  instead  of  clear  blue),  we  de- 
termined upon  another  series,  in  which  the  solutions  should  be 
made  at  a  lower  temperature.  It  was  found  that  the  starch  dis- 
solved completely  at  144  °  but  precipitated  again  on  cooling,  but  at 
1520  (5  atmospheres'  pressure)  the  solution  remained  clear  long 
enough  for  the  object  in  view. 

Series  2. — Fifteen  grams  of  starch  were  heated  for  two  and  a 
half  hours  to  1520  with  130  cc.  of  water.  The  resulting  colorless 
solution  filtered  readily  and  did  not  show  any  tendency  to  precipi- 
tate on  cooling.  It  was  diluted  without  delay  to  650  cc,  of  which 
5  cc.  were  evaporated  as  before  to  determine  the  starch.  0.1077 
gram  of  dry  starch  was  obtained. 

From  this  standard  solution,  six  others  were  at  once  made, 
without  waiting  for  the  result  of  the  determination,  in  order  to 
avoid  the  possibility  of  separation  of  starch.  These  contained  in 
200  cc,  respectively,  200,  150,  100,  75,  50,  and  25  cc  of  standard 
solution,  or,  21.54,  16.16,  10.78,  8.08,  5.38,  2.70  grams  of  starch 
per  liter. 

These  solutions  were  shaken  six  hours  a  day  for  ten  days  with 
excess  of  iodine  at  21  °  to  260.  They  then  contained  no  undis- 
solved starch  or  starch  iodide,  and  were  filtered  to  remove  any 
finely  divided  iodine  in  suspension,  and  titrated  with  N/100 
sodium  thiosulphate.  The  data  so  obtained  are  recorded  in  the 
following  table.  / 

Tabu  II. 

Ct.  Concentration  of  starch,  grama 

per  liter 21.54    16.16    10.78      8.08      5.58     2.70 

C.  Concentration  of  iodine  dis- 
solved, grams  per  liter 1.644    1*316    0.970    0.786    0.602   0.446 

C—  C  .    Concentration  of  iodine 

corrected  for  solubility  in  wmter  1.376    1.048    a  702    0.518    0.334   0.178 

P.  Ratio  of  starch  to  iodine  in  per- 
centage  6.39     6.48     6.51      6.41      6.21     6.59 
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The  data  given  in  the  table  under  rubrics  I  and  II  were  reduced 

C—  C 
by  the  formula  100  — p=-^  =  P,  in  which 

*"# 

C  =  the  concentration  of  the  starch  (rubric  I)  ; 
Cw  =  the  iodine  dissolved  in  the  water  alone,  assumed  as  con- 
stant ; 
C  —  total  concentration  of  dissolved  iodine  (rubric  II)  ; 
P  =  per  cent,  of  iodine  taken  up  by  the  starch. 

The  numerical  values  of  Cw  and  of  P  as  calculated  from  the 
observations  themselves  are,  respectively,  0.268  and  6.43.  The 
former  is  in  excellent  agreement  with  the  known  solubility  of 
iodine  in  water.  The  temperature  varied  between  21  °  and  26  °. 
The  percentage  of  iodine  to  starch  found,  643,  corresponds  fairly 
to  that  required  by  the  formula  (CeH10O,)ltI,  which  is  6.53. 

Series  3. — The  preceding  experiments  having  established  that 
the  amount  of  iodine  taken  up  by  the  starch  is  constant  and  inde- 
pendent of  the  concentration  of  the  starch  solution  so  long  as  the 
water  is  saturated  by  iodine,1  it  was  decided  to  make  a  series  of 
determinations  of  the  distribution  of  iodine  between  starch  iodide 
solutions  and  an  immiscible  solvent  (chloroform).* 

The  starch  iodide  solutions  (being  identical  with  those  used  in 
the  experiments  of  Series  2)  were  shaken  with  10  per  cent,  (by 
volume)  of  carefully  purified  chloroform  in  stoppered  glass  cylin- 
ders, until  a  condition  of  equilibrium  was  attained,  and  were  then 
allowed  to  stand  for  several  hours,  usually  over  night,  to  permit 
the  liquids  to  separate  completely.  Five  cc.  of  the  clear  super- 
natant blue  solution  were  titrated  with  N/200  thiosulphate  and  the 
rest  of  it  transferred  to  a  dry  cylinder  and  mixed  as  before  with  10 
per  cent,  of  its  volume  of  chloroform. 

In  this  way,  six  successive  distribution  determinations  were 
made  on  each  solution  with  constant  concentration  as  to  starch  but 
diminishing  iodine.  The  temperatures  did  not  vary  more  than  i° 
from  210  throughout  the  series. 

1  master  (Ann.  Ckem.  (Liebig),  j6o,  363)  concludes  that  the  amount  of  iodine  ab- 
sorbed by  solid  starch  is  wholly  dependent  on  the  concentration  of  the  solution  in  contact 
with  it. 

*  Compare  Jakovkin's  study  of  the  dissociation  of  potassium  triiodide  in  aqueous  solu- 
tion {Ztschr.pkys.  Ckcm.\  13,  539  (1894)). 
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TA9LB  III. 
Distribution  of  Iodine  between  Starch  Solution  and  Chloroform. 


1.  2.  1.  4. 

c. 


e 

a 


'      -  -  -  «  4,  E 

o« 
u 


p 


0  1.644  0.00  21.54 

1  1.218  4.26  21.54 

2  I.O76  I.42  21.54 

3  0.990  0.86  21.54 

4  0.918  0.72  21.54 

5  0.890  0.28  21.54 

6  0.858  0.32  21.54 

0  1. 316  0.00  16.16 

1  0.910  4.06  .    16.16 

2  0.780  1.30  16.16 

3  .  0.732  0.48  16.16 

4  0.682  0.50  16.16 

5  0.644  0.38  16.16 

6  0.620  0.24  16.16 


2. 

?• 

A. 

B. 

Concentration     of 
iodine  in  starch 
solution . 

• 

Concentration     of 
iodine  in  chloro- 
form. 

I.644 

O.OO 

I.2I8 

4.26 

I.076 

1.42 

O.990 

O.86 

O.918 

O.72 

O.890 

O.28 

O.858 

O.32 

I.316 

O.OO 

O.910 

4.06 

O.780 

I.30 

0.732 

O.48 

O.682 

O.50 

O.644 

O.38 

O.620 

O.24 

O.970 

O.OO 

O.616 

3-54 

O.524 

0.92 

O.484 

0.40 

O.442 

0.42 

O.408 

0-34 

O.380 

0.28 

O.786 

0.00 

O.472 

3.14 

0.394 

0.78 

O.348 

0.46 

O.318 

0.30 

O.290 

0.28 

O.276 

0.14 

O.608 

0.00 

O.328 

2.74 

O.250 

0.78 

0.2I0 

0.40 

O.190 

0.20 

O.176 

0.14 

0158 

0.18 

e 
o 


0  O.97O  O.OO  TO.  78 

1  O.616  3.54  IO.78 

2  O.524  O.92  IO.78 

3  0.484  0.40  10.78 

4  0.442  0.42  xo.78 

5  0.408  0.34  10.78 

6  0.380  0.28  10.78 

0  0.786  0.00  8.08 

1  0.472  3.14  8.08 

2  0.394  0.78  8.08 

3  0.348  0.46  8.08 

4  0.318  0.30  8.08 

5  0.290  0.28  8.08 

6  0.276  0.14  8.08 

0  0.608  0.00  5.38 

1  0.328  2.74  5.38 

2  0.250  0.78  5.38 

3  0.210  0.40  5.38 

4  0.190  0.20  5.38 

5  0.176  0.14  5.38 

6  0158  0.18  5.38 
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O.87 
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O.78 

• 

0.31 
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0.37 
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•  •  • 

4.46 

I.67 

72.1 

O.66 

27.0 

0.73 

10.5 

0.59 

•  .  a 

0.39 

•  ■  . 

•    a  • 

5-74 
1.76 

61.6 

0.83 

19.0 

0% 

0.95 

8.9 

0.83 

•   •  • 

0.74 

... 
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6.65 

•  *   ■ 

1.98 

53-7 
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1.32 

10.7 
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•  •  • 

8.35 
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0.80 
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.V 

4- 

5- 

6. 

A. 

B. 

C. 

B  +  A. 

5C-«-^. 

a 

ion     of 
i  starch 

0$ 

0 

e* 

»fi 
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ion 
chlo 

c 
.2 

n  coe 
ween 

—  0 

1 

6 

Si 

w 

Concentrat 
iodine  is 
solution. 

• 

• 

Concentmt 
iodine  in 
form. 

Concentmt 
starch. 

I*- 

Distribu 
iodine  c  1 
to  starch. 

o 

O.446 

O.OO 

2.70 

•    •     ft 

•  •  • 

I 

O.176 

2.70 

2.70 

15-34 

41.5 

2 

O.I22 

0.54 

2.70 

4.4a 

3 

O.098 

O.24 

2.70 

2.45 

II.9 

4 

O.86 

O.I2 

2.70 

1.40 

5-4 

5 

O.72 

O.I4 

2.70 

1.94 

... 

6 

O.66 

O.06 

2.70 

0.91 

... 
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All  concentrations  are  given  in  grams  per  liter. 

Inasmuch  as  the  iodine  in  the  chloroform  was  determined  by 
difference,  there  is  an  accumulation  of  errors  in  the  values  found 
for  the  chloroform  concentrations  (column  3)  for  the  last  three 
extractions  and  in  the  corresponding  distribution  coefficients 
(column  s).  It  will  be  observed  that  there  is  no  indication  of  a 
constant  distribution  coefficient  between  chloroform  and  starch 
solution  or  between  chloroform  and  dissolved  starch.  The  results 
show  a  more  rapid  removal  of  the  iodine  from  the  solutions  con- 
taining less  starch,  in  such  a  way  that  all  the  curves  cross  at  nearly 
a  common  point,  corresponding  to  about  5  per  cent.,  falling  be- 
tween the  first  and  second  extractions. 

Series  4.  (Starch  Iodide  Prepared  by  Heating). — 43.152 
grams  of  air-dried  starch,  containing  38.449  grams  of 
dry  starch  (maize),  were  introduced  into  a  Jena  glass 
tube  with  7  grams  of  pure  iodine  and  enough  water  to  moisten 
the  mass  completely.  The  tube  was  then  sealed  and  heated  to  990 
for  two  hours.  At  the  end  of  this  time  the  contents  formed  a  soft 
mass  which  readily  dissolved  in  water,  leaving  an  insoluble  residue 
consisting  of  the  excess  of  iodine  only,  but  containing  no  starch. 
The  solution,  diluted  to  2  liters,  was  found  on  titration  with  N/100 
thiosulphate,  to  contain  2.562  mg.  "free"  iodine  per  cubic  centi- 
meter. From  this  standard  solution  were  prepared,  by  appropriate 
dilution,  five  others,  the  strength  of  each  of  which,  expressed  in 
grams  per  liter  and  also  in  molecular  volume,  is  shown  in  the 
following  table.     In  calculating  the  latter  the  molecular  weight  of 
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,  Starch     is     arbitrarily     assumed     as     that     of     the    molecule 
(C6H10O5)f  =  972.5. 


Table  IV. 

Solution 

Starch,  grams 

Iodine,  fframs   Molecular  volume 
per  liter.               of  starch. 

Molecular  vo 

No. 

per  liter. 

of  iodine, 

I 

19.225 

2.562                     50.69 

99.02 

2 

14.42 

I.922                     67.58 

132.03 

3 

9.61 

1. 281                   IOI.38 

J  98.04 

4 

7.21 

O.961                    I35I6 

264.06. 

5 

4.806 

0.641                   202.76 

396.08 

6 

2.403 

O.320                   40552 

792.16 

It  is  obvious  that  these  solutions  prepared  by  the  action  of 
iodine  on  starch  at  about  ioo°  are  entirely  different  in  composition 
from  those  previously  described,  which  were  made  at  about  200 
from  dissolved  starch.  The  forrrier  correspond  very  closely  with 
the  formula  (CaH10O6)12.I„  whereas  we  have  seen  that  the  latter 
possesses  a  composition  nearly  agreeing  with  the  formula 
(C.H10O.)M.I. 

The  solutfons  were  shaken  with  chloroform  repeatedly,  exactly 
as  described  on  a  previous  page.  Unfortunately  the  temperatures 
were  not  kept  constant  during  the  extractions,  and  the  figures  show 
that  the  results  were  influenced  by  this  circumstance  to  a  much 
greater  degree  than  was  anticipated.  It  is  nevertheless  thought 
worth  while  to  record  the  data  obtained,  since  they  demonstrate 
that  in  spite  of  the  difference  in  percentage  of  iodine  in  the  starch 
iodide  as  prepared  cold  and  hot  respectively,  yet  the  behavior  of 
both  kinds  toward  an  immiscible  solvent  is  similar. 


Table  V. 

I. 

2. 

A. 

* 

t. 

5- 

B  +  A. 

6. 

7- 

Extraction     num- 
ber. 

Iodine    in     starch 
solution. 

Iodine  in    chloro- 
form. 

Concentration     of 
starch  —  C. 

Distribution    coef- 
ficient   between 
solutions. 

BC+A. 

• 

9 
I 

C 
«l 

O 

2.562 

.... 

19.22 

•  •  •  • 

.... 

• . .  • 

I 

I.960 

6.016 

19.22 

306 

58.9 

25° 

2 

I.816 

I.450 

19.22 

O.80 

15.4 

31° 

3 

I.792 

O.234 

19.22 

O.13 

2.5 

18° 

4 

I.740 

0.5I4 

19.22 

O.29 

56 

19° 

5 

I.684 

O.562 

19.22 

0.33 

6.3 

18.! 
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1.                 a.                   3.                     4.  5.  6.  7. 

A.                   B.                     C.  B-*-A. 

•   *  Id  fiJ.                    i 

•Sij  a  Ii  I  a  BC+A.       § 

s«  si  If  111                 I 

P  V  I1  P1            I 

0  1.932      ••••  14*42  ••••  ••••  . ... 

1  I.414  5.068  14.42  3.58  51.6  25° 

2  I.508  I.068  T4.42  O.82  1 1.7  21° 

3  1.290  0.172  14.42  0.13  1.9  l8° 

4  1.244  0.460  14.42  0.37  5.4  190 

5  1. 212  0.328  14.42  0.27  3.9  18. 5° 

O      X.2oI       ••••  9*6l  ••••  ••••  •••■ 

I    0.904  3.782  9.61  4.45  42.8  250 

2      O.824  O.796       9.6I  O.96  9.2  21° 

3  0.804  0.196  9.61  0.24  2.3  180 

4  0.778  0.262     9.61  0.34  3.3  1 90 

5  0.756  0.220  9.61  0.29  2.8  18.50 

0  O.QDI                  •  •  •  •                   7.2OD  ....  ....  .... 

1  O.65O  3.I02                  7.206  4.77  34.4  25° 

2  O.594  O.562  7.206  O.95  6.7  21° 

3  0.582  0.1 18            7.206  0.20  1.4  18° 

4  o-554  0.284             7.206  0.51  3.7  190 

5  0.546  0.090             7.206  0.16  1.2  18.50 

0  0.041             .  • .  •             4*005  ....  . . . .  .... 

1  0.416  2.240            4.805  5,38  25.9  250 

2      O.37O  O.460       4.805  1.24  6.0  21° 

3  0.358  0.120            4.805  0.33  1.6  180 

4  0.336  0.222             4.805  0.66  3.2  1 90 

5  0.322  0.142             4.805  0.44  2.1  18.5 


o 


o  0.320  •  •  •  •  2.403  ....  ....  .... 

z  0.188  1.32  2.403         7.02         16.8         250 

2  O.160  O.286  2.403  I.79  4.3  21° 

3  0.152  0.078  2.403  0.51  1.2  1 8° 

4  a  136  0.152  2.403         1. 12  2.7  190 

5  '  0.132  0.050  2.403         0.38  0.9  18.50 

Series  5. — More  significant  than  the  last  experiments  and  freer 
from  sources  of  error,  are  a  number  of  determinations  of  the 
vapor-tension  of  the  iodine  in  solutions  of  starch  iodide,  carried 
out  after  the  method  described  by  one  of  us  in  the  preceding  paper. 

A  solution  was  used  for  this  purpose  which  contained  19.224 
grains  of  dry  starch  and  1485  grams  of  "free"  iodine  per  liter, 
and  which  was  prepared  after  the  method  already  described  by 
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heating  the  constituents  together  to  990.  The  liquid  was  placed 
in  a  gas-washing  apparatus,  immersed  in  a  tank  of  water,  and  a 
slow  current  of  dried  air  was  aspirated  through  it  and  then  through 
a  second  similar  apparatus  identically  charged.  The  object  of  the 
second  vessel  is  to  serve  as  control,  its  constancy  of  weight  demon- 
strating that  the  current  of  air  was  slow  enough  to  be  fully  satu- 
rated with  the  vapors  of  both  water  and  iodine  at  the  prevailing 
tension.  In  practice,  small  losses  in  the  weight  of  this  vessel  were 
disregarded,  a  special  experiment  having  shown  that  the  ratio  be- 
tween iodine  and  water  evaporated  is  the.  same  when  the  air  is 
nearly  (95  per  cent.)  saturated  as  when  it  is.  fully  so. 

The  total  amount  of  water  plus  iodine  evaporated  during  each 
period  is  given  by  the  loss  in  weight  of  the  bulb.  The  amount  of 
iodine  evaporated  is  determined  by  titration  of  the  solution  by 
N/100  thiosulphate  at  the  close  of  each  period  of  evaporation,  and 
the  water  estimated  by  difference.  The  data  of  one  such  series  of 
measurements  are  reproduced  in  Table  VI.  The  tension  in  milli- 
meters (s)  of  the  iodine  is  found  by  the  formula 

tvS 
s  =  0.071  X  -yp  (see  preceding  paper),  in  which 

51  =  the  tension  of  water- vapor  at  the  prevailing  temperature, 
and 
w  =  the  weight  of  water  evaporated,  and 
IV  =  the  weight  of  iodine  evaporated. 

To  secure  greater  accuracy,  for  each  titration  about  5  cc.  of  the 
solution  were  withdrawn  and  its  weight  determined.  The  iodine 
concentrations  are  accordingly  given  in  milligrams  per  gram. 

The  minuteness  of  the  tension  of  the  iodine  (less  than  0.01  mm.) 
in  solutions  where  the  iodine  forms  5  per  cent,  of  the  weight  of  the 
starch  present  is  remarkable.  To  obtain  correspondingly  low 
tensions  of  iodine  in  solutions  of  potassium  iodide,  the  amount  of 
iodine  must  be  reduced  relatively  to  a  much  greater  degree,  but  the 
general  character  of  the  curve  is  very  similar.  We  have  not  as 
yet  been  able  to  calculate  any  satisfactory  dissociation  constant 
from  the  data.  All  the  results  obtained,  both  by  the  vapor- 
tension  method  and  by  the  chloroform  method)  show  the  com- 
plexity of  the  phenomena  involved,  and  lead  to  the  hypothesis  that 
the  iodine  in  "starch  iodide"  solutions  exists  in  two  forms  of  union 
at  least,  a  small  portion  of  it  being  much  more  readily  removed 
than  the  rest. 
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The  differences  between  the  composition  of  the  starch  iodide  pre- 
pared cold  and  that  made  by  the  aid  of  heat,  invite  a  further  exami- 
nation of  the  action  of  high  temperatures  on  this  substance.  The 
authorities  disagree  radically  as  to  the  phenomena  resulting  from 
the  action  of  heat  on  solutions  of  this  kind,  some  maintaining  while 
others  deny  the  permanent  decolonization  by  heat  when  volatiliza- 
tion of  iodine  is  prevented.  We  accordingly  undertook  an  investi- 
gation of  this  matter. 

Series  <5.^A  somewhat  dilute  solution  of  starch  iodide  sealed  up 
in  a  tube  of  Jena  glass  and  heated  to  100  °  becomes  colorless  if 
very  dilute,  or  straw  color  if  less  so.  The  color  returns  in  its 
original  intensity  (colorimetric  determination)  if  the  tube  is  small 
and  is  rapidly  heated  to  the  required  temperature  and  quickly 
cooled.  But  if  the  heating  is  continued,  the  color  returns  on  cool- 
ing with  ever  feebler  intensity,  and  at  last  fails  to  return  at  all. 
Seventy  cc.  of  a  solution  of  starch  iodide  (prepared  like  those 
referred  to  in  Table  V)  were  sealed  in  a  Jena  glass  tube 
and  heated  in  a  steam-bath  for  several  days,  eight  to  ten  hours 
each  day.  The  solution  did  not  lose  its  blue  color  at  first  (being 
too  concentrated  to  do  so)  but  the  upper  part  of  the  tube  showed 
the  violet  vapor  of  iodine.  After  four  days  the  violet  vapor  had 
disappeared  and  the  solution  had  become  green.  After  heating 
fifty  hours,  the  solution  had  become  light  yellow  and  the  operation 
was  discontinued.    No  pressure  was  apparent  on  opening  the  tube. 

The  solution  was  filtered  from  an  insignificant  greenish  sedi- 
ment. It  was  pale  yellow,  and  gave  the  following  reactions: 
Shaken  with  chloroform  the  latter  becomes  violet  and  the  solution 
colorless.  Starch  paste  turns  it  blue.  Hence,  free  iodine  is 
present  and  starch1  is  absent.  Iodine  dissolved  very  copiously  in 
it,  giving  a  dark  brown  solution.  Methyl  orange  indicated  a 
strongly  acid  reaction.  Potassium  nitrite  set  free  a  considerable 
quantity  of  iodine;  hence,  hydriodic  rcid  is  present.  Mercurous 
nitrate  gave  a  greenish  precipitate  of  mercurous  iodide.  The  solu- 
tion reduced  Fehling's  solution,  and  on  boiling  with  phenylhydra- 
zine  and  acetic  acid  gave  the  crystalline  precipitate  characteristic  of 
glucose. 

For  the  purpose  of  quantitative  study  of  these  products,  another 

»  Consequently  the  statement  of  Stocks  (Chtm.  News,  §j,  183),  that  starch  is  unaltered 
on.heating  with  iodine  in  a  sealed  tube,  is  incorrect. 
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portion  of  the  material  was  sealed  up  and  heated  as  before.    The 
changes  of  color  observed  are  noted  below. 

After  heating  five  hours  the  color  while  hot  was  dark  blue. 

After  heating  fifteen  hours  the  color  while  hot  was  black. 

After  heating  twenty-five  hours  the  color  while  hot  was  very 
dark  green. 

After  heating  thirty-five  hours  the  color  while  hot  was  paler 
green. 

After  heating  forty-five  hours  the  color  while  hot  was  apple- 
green. 

After  heating  fifty-five  hours  the  color  while  hot  and  cold  was 
yellow. 

After  heating  sixty-five  hours  the  color  while  hot  and  cold  was 
colorless. 

The  product  gave  the  same  reactions  as  those  described  for  the 
portion  heated  fifty  hours,  excepting  the  reactions  of  free  iodine. 
Five  cc.  of  the  solution,  titrated  with  N/100  potassium  hydroxide 
and  methyl  orange,  required  1.22  cc,  which  corresponds  to  1.55 
mg.  of  hydriodic  acid.  As  the  solution  had  previously  been  ascer- 
tained, by  titration  with  thiosulphate,  to  contain  in  5  cc.  12.81  mg. 
of  iodine,  it  follows  that  12.12  per  cent,  of  the  iodine  originally 
present  had,  by  continued  heating,  been  converted  into  hydriodic 
acid. 

Another  portion  of  5  cc.  was  neutralized  with  calcium  carbonate 
and  titrated  with  standard  silver  solution,  using  potassium  chro- 
mate  as  indicator.  We  found  thus  in  the  5  cc,  13.31  mg.  of  iodine. 
It  follows  that  the  greater  part  of  the  iodine  is  present  in  the  form 
of  a  colorless  organic  iodide  which  gives  up  the  whole  of  its 
iodine  readily  in  the  cold  to  a  silver  nitrate  solution.  The  dis- 
crepancy between  the  13.31  mg.  found  by  the  silver  solution  and 
the  12.81  mg.  found  by  thiosulphate,  is  not  due  to  experimental 
error,  but  is  explained  by  the  fact  that  solutions  of  starch  iodide 
which  have  been  made  by  heating  for  the  normal  period  of  about 
two  hours  contain  a  certain  amount  of  the  colorless  organic  iodide 
-—an  amount  which  one  of  us  has  found  to  average  between  three 
and  four  per  cent,  of  the  total  iodine  present.  The  organic  iodide 
can  not  be  removed  even  in  traces  from  the  solution  which  has 
been  heated  sixty-five  hours,  by  shaking  it  with  chloroform  subse- 
quent to  neutralization.    The  existence  of  a  colorless  organic 
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iodide  has  been  assumed,  but  not  demonstrated,  by  Bondonneau,1 
by  Duroy,2  and  by  Guichard,8  although  the  last  mentioned  cer- 
tainly came  very  near  a  demonstration  by  showing  that  starch 
iodide  solutions,  which  have  lost  all  color  by  evaporation  of  iodine, 
may  be  turned  blue  again  by  adding  nitric  acid,  even  when  the 
hydriodic  acid  has  (presumably)  been  removed  by  desiccation. 

An  important  factor  in  the  decolorization  of  starch  iodide  by 
prolonged  heating  is  doubtless  to  be  found  in  the  saccharification 
of  the  starch  by  the  ,  hydriodic  acid  formed.  That  this  is, 
however,  not  an  essential  factor  was  demonstrated  by  heating 
starch  iodide  with  a  small  quantity  of  calcium  carbonate  in  a  glass 
tube.  The  heating  had  to  be  continued  1 10  hours  to  produce  com- 
plete decolorization,  whereas  without  the  carbonate,  under  other- 
wise identical  conditions,  sixty-five  hours  sufficed.  If  starch  iodide 
solutions  are  boiled  in  the  open  air  until  fully  colorless,  the  result- 
ing solution  contains  starch,  hydriodic  add,  colorless  organic 
iodide,  and  glucose.  Its  color  may  be  restored  by  addition  of 
iodine  or  of  iodate  or  of  nitrous  acid,  etc. 

While  we:  are  conscious  that  the  question  as  to  whether  the  sub- 
stance called  starch  iodide  is  a  compound  or  a  solution  of  iodine  in 
starch  is  still  unsettled,  we  still  believe  that  the  observations  re- 
corded in  this  paper  are  more  reconcilable  with  the  former  view 
than  with  the  latter.  If  the  blue  color  is  due  to  the  formation  of  a 
mere  solution  of  iodine  in  starch,  it  is  difficult  to  understand  why 
iodine  can  not  color  dry  starch  blue,  but  the  fact  is  that  perfectly 
dry  iodine  imparts  to  perfectly  dry  starch  a  brownish  color  which 
becomes  blue  on  contact  with  a  trace  of  water.  The  presence  of 
an  organic  solvent  does  not  alter  this  phenomenon. 

If  the  blue  substance  formed  in  presence  of  water  is  a  mere  solu- 
tion of  iodine  in  starch,  what,  we  would  like  to  ask,  is  the  brown 
substance  formed  when  iodine  dissolves  in  starch  in  absence  of 
water  ? 

Potassium  iodide,  as  is  well  known,  in  large  excess  imparts  a 
brownish  violet  color  to  starch  iodide  solutions,  dilution  with 
water  restoring  the  blue.  As  Mylius  has  observed,  iodic  acid 
changes  the  blue  of  starch  iodide  to  brown,  a  fact  which  he  uses 
to  support  the  view  that  iodides  must  be  present  as  an  essential 

1  Bull.  Soc.  Ckim.,  aS,  45a  (1877). 

*  Compt.  rend.,  51, 1031  (i860)  ;  tee  also  Chem.  News,  j,  16. 

•  Bull.  Soc.  Ckim.,  5,  115  (1863). 
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part  of  the  starch-blue.  On  this  theory  the  change  of  color  is 
simply  caused  by  the  removal  of  all  iodide  by  the  iodic  acid.  We 
have,  however,  found  that  if  to  the  brown  solution  So  formed, 
sodium  or  potassium  bicarbonate  or  other  weakly  alkaline  sub- 
stances be  added,  the  blue  is  immediately  restored.  This  is  inex- 
plicable on  the  theory  alluded  to,  but  is  easily  understood  if  the 
possibility  of  iodine  acting  as  a  base  is  borne  in  mind,  a  possibility 
which  has  of  late  been  shown  by  other  authors1  to  be  a  probability. 
This  involves  the  supposition  that  the  iodic  acid'  removes  the 
iodine  from  the  starch  iodide  in  the  form  of  iodine  iodate,*  and 

that  when  a  stronger  base  is  added,  the  weaker  one  (iodine)  is 
displaced  and  placed  at  the  disposition  of  the  starch  once  more. 

SUMMARY. 

Clear  starch  solutions  made  at  a  temperature  of  about  1500 
take  up  in  the  cold  an  amount  of  iodine  corresponding  to  the 
formula  (C«H10OB)12I.  Starch  heated  with  excess  of  iodine  to 
ioo°  for  a  short  time  takes  up  an  amount  of  iodine  corresponding 
to  the  formula  (CeH10OB)12I2.  Starch  and  iodine  heated  to  ioo° 
for  a  longer  time  give  ultimately  a  colorless  solution  which  con- 
tains most  of  the  iodine  in  the  form  of  an  organic  iodide,  a  smaller 
part  of  it  in  the  form  of  hydriodic  acid,  and  which  also  contains 
glucose  but  no  starch. 

Solutions  of  starch  iodide  on  shaking  with  chloroform  yield,  at 
first,  considerable  amounts  of  iodine  to  the  latter  but  after  removal' 
of  the  first  portion,  give  up  iodine  very  slowly,  showing  no  indica- 
tion of  a  distribution  coefficient  of  iodine  between  starch  and  chlo- 
roform as  might  be  expected  if  the  iodine  were  merely  dissolved  in 
the  starch.  The  vapor-tension  of  iodine  in  solutions  of  starch 
iodide  was  determined  by  a  new  method,  and  was  found  to  be 
extremely  minute  after  the  removal  of  the  first  portion  of  the 
iodine. 

It  is  hdd  that  the  substance  known  as  starch  iodide  is  to  be 

1  Compare  also  for  a  similar  assumption  applied  to  chlorine,  Noyes  and  Lyon  : 
This  Journal,  *j,  465. 

•  The  process  imagined  may  be  represented  by  ionic  equations  as  follows,  the  symbol 
SS  standing  for  the  starch  complex. : 

+     -  -«■    - 

SSI  +  H  +  IO,  =  SSH  +  I  +  IO, 

+    —  +      — 

H.O  +  1  f  IOi  -  IOH  +  H  +  IO, 

-      ++      -  +       —         - 

SSH  +IO  +  aK  +  IO,  ~  SSI  +  aK  -f  IO,  +  OH 
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looked  upon  as  a  dissociable  additive  compound  of  iodine  with 
starch  molecules,  more  or  less  depolymerized,  according  to  the 
temperature  employed*,  and  subject  therefore  to  variation  in  the 
ratio  of  starch  to  iodine.  These  views  are  supported  by  the  fol- 
lowing considerations : 

i.  Starch  and  iodine  can  not  unite  to  produce  the  blue  substance 
in  the  absence  of  water,  a  phenomenon  frequently  characteristic  of 
chemical  combination  but  not  of  solution  in  organic  solvents. 

2.  The  temporary  decolorization  of  the  blue  solution  by  heat 
when  loss  of  iodine  is  prevented  is  much  better  explained  as  a 
phenomenon  of  dissociation  than  of  solution. 

3.  The  fact  that  in  the  system,  starch,  water,  chloroform,  a  rise 
of  temperature  has  a  very  powerful  effect  in  causing  iodine  to  pass 
from  the  starch  to  the  chloroform,  indicates  that  the  union  of 
starch  and  iodine  is  exothermic,  and  agrees  well  with  the  hy- 
pothesis of  a  dissociable  compound. 

4.  The  fact  that  the  amount  of  iodine  taken  up  by  the  starch 
under  different  conditions,  as  to  the  temperature  to  which  the 
starch  is  subjected  either  before  or  after  iodine  is  added  is 
naturally  explained  by  the  view  that  the  molecule  undergoes 
gradual  depolymerization  by  steps,  giving  rise  to  two,  or  a  series, 
of  starch  iodides  of  different  composition.  This  also  explains  why 
no  dissociation  constant  can  be  deduced. 

5.  The  remarkably  low  vapor  tensions  of  the  iodine  in  these 
solutions,  while  quite  natural  if  the  iodine  is  combined,  are  excep- 
tional and  difficult  to  understand  on  any  other  basis. 

The  experimental  part  of  this  investigation  was  completed  as 
here  presented,  two  years  ago,  but  publication  was  delayed  by  the 
temporary  accidental  loss  of  the  records. 

The  authorities  consulted  (part  of  them  it  is  proper  to  state  by 
abstracts)  are  given  in  the  following  list,  which  is  as  complete  a 
bibliography  of  the  literature  of  starch  iodide  as  we  have  been  able 
to  compile  with  the  library  facilities  available. 
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It  is  well  understood  by  all  who  have  closely  considered  the 
subject,  that  the  so-called  "heats  of  formation"  of  chemical  com- 
pounds are  not  true  physical  constants,  but  complexes  of  various 
factors.  Take  for  example  the  "heat  of  formation"  of  hydriodic 
acid,  which,  according  to  Thomsen,  has  the  value  of  — 610  small 
calories,  when  calculated  from  gaseous  iodine.  This  quantity, 
however,  is  only  the  algebraic  sum  of  at  least  three  quantities,  one 
plus  and  two  minus,  as  the  following  equation  shows : 

H2  +  I2  =  2HI  —  610  X  2  cal. 

That  is,  heat  is  expended  in  decomposing  the  molecules  of  hydro- 
gen and  iodine,  and  liberated  by  the  subsequent  union  of  the 
separated  atoms,  the  sum  of  the  three  factors  being  negative.  The 
entire  series  of  changes  is  endothermic;  but  the  final  step,  the 
combination  of  hydrogen  and  iodine,  must  be  an  exothermic  opera- 
tion. 

In  most  cases,  thermochemical  data  are  even  more  complex  than 
in  this  instance,  for  they  involve  factors  representing  changes  of 
physical  state.  The  "heat  of  formation"  of  carbon  dioxide,  for 
instance,  implies  the  gasification  of  carbon,  the  dissociation  of 
carbon  and  oxygen  molecules,  and  the  actual  energy  of  union;  it 
is,  therefore,  as  ordinarily  determined,  no  true  measure  of  chemical 
force.  These  distinct  factors  are  not,  as  yet,  separately  meas- 
urable; their  sum  is  difficult  to  interpret;  and  to  many 
chemists,  therefore,  the  complexity  of  thermochemistry  has  seemed 
to  be  hopeless.  No  general  conclusions  of  unimpeachable  validity 
have  been  developed  from  thermochemical  research,  and  so  the 
entire  subject  has  fallen  somewhat  into  disfavor.  One  constant 
alone  has  attracted  wide-spread  attention — the  neutralization  con- 
stant of  acids  by  bases — and  this,  having  a  value  of  13,700  calories, 
represents  the  union  of  hydroxyl  and  hydrogen  ions  to  form  water. 
This  constant  has  strengthened  the  theory  of  electrolytic  dissocia- 
tion, and  I  hope  now  to  show  that  it  has  still  wider  significance. 

In  the  fourth  volume  of  his  classical  "Thermochemische  Unter- 
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suchungen,"  Thomsen  gives  data  relative  to  the  heat  of  combus- 
tion of  120  organic  substances.  These  data  have  peculiar  value, 
for  the  reason  that  they  are  strictly  comparable  throughout.  Every 
substance  burned  was  taken  in  the  state  of  gas,  at  constant  pres- 
sure, reduced  to  a  uniform  temperature  of  i8°,  the  products  of 
combustion  being  gaseous  carbon  dioxide  and  liquid  water.  Upon 
careful  scrutiny  the  results  exhibit  systematic  regularities  of  homol- 
ogous character,  and  this  fact,  which  is  elaborately  considered  by 
Thomsen,  tends  to  establish  confidence  in  the  accuracy  of  his  data. 
Other  observers,  doubtless,  have  done  their  work  equally  well,  but 
no  other  body  of  measurements  known  to  me  is  so  homogeneous 
and  so  self-consistent  as  these. 

In  discussing  his  observations,  Thomsen  uses  the  so-called 
"heat  of  formation"  of  carbon  dioxide  from  solid,  amorphous  car- 
bon, and  that  of  water  with  the  latter  reckoned  as  liquid.  With 
these  values  he  computes  the  "heat  of  formation"  of  the  different 
substances  studied,  but  always  upon  the  supposition  that  the  reac- 
tions start  from  the  several  elements  in  their  normal  molecular 
condition.  These  heats  are  evidently  not  absolute,  for  they  involve 
the  uncertain  factors  due  to  changes  of  physical  state,  and  are 
therefore,  as  I  have  already  shown,  complexes  rather  than  con- 
stants. Furthermore,  much  of  Thomsen's  reasoning  depends 
upon  hypotheses  which  have  been  more  or  less  questioned,  so  that 
although  his  conclusions  are  most  interesting,  they  have  not  found 
universal  acceptance.  Many  important  and  striking  relations  are 
shown,  but  their  significance  is  not  fully  established. 

In  one  respect,  Thomsen's  data  are  imperfectly  suited  to  discus- 
sion. Although  he  starts  with  gas  and  ends  partly  with  gas,  his 
water  is  reckoned  as  liquid.  For  the  best  consideration,  the 
process  of  combustion  should  deal  with  gases  throughout,  both  for 
substance  and  for  products;  then  only  can  extraneous  physical 
disturbances  be  practically  eliminated,  and  the  chemical  part  of  the 
phenomenon  be  studied  with  the  fewest  complications.  Fortu- 
nately, the  obvious  correction  can- be  easily  applied,  at  least  approx- 
imately, and  when  that  is  done  a  new  order  of  regularities  appears. 

According  to  Thomsen1  the  molecular  heat  of  formation  of 
liquid  water  from  its  elements  at  180,  is  68,357  calories.  For 
gaseous  water  the  value  varies  with  temperature,  and  may  be 
represented  at  ioo°  by  the  quantity  58,069.    At  180 — the  standard 

1  VoL  II,  pp.  53  to  56. 
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temperature  of  the  combustion  experiments — this  figure  reduces  to 
57,934.  The  difference  between  gaseous  and  liquid  water,  then, 
is  10,423  calories,  and  this  quantity  should  be  subtracted 
from  the  heat  of  combustion  of  any  organic  substance  as  many 
times  as  there  are  molecules  of  water  produced.  Thus,  for  the 
heat  of  combustion  of  methane,  CH4,  Thomsen  gives  211,930 
calories.  Two  molecules  of  water  are  formed ;  we  subtract,  there- 
fore, twice  10,423,  and  the  value  for  gaseous  substances  through- 
out becomes  191,084.  One  gram-molecule  of  methane  burning  as 
gas,  and  with  all  the  products  of  combustion  reckoned  as  gaseous, 
gives  191,084  calories.  In  this  way  I  have  adjusted  Thomsen's 
data,  and  in  their  new  form  they  become  the  basis  of  my  own 
calculations. 

With  values  thus  reduced  we  can  now  write  equations  which 
shall  represent  in  thermochemical  terms  the  process  of  combustion 
of  any  organic  substance  which,  upon  burning,  undergoes  com- 
plete dissociation.  Any  hydrocarbon,  for  example,  when  burning 
to  form  carbon  dioxide  and  water,  must  have  its  atoms  completely 
torn  apart  before  they  can  combine  with  similarly  dissociated 
atoms  of  oxygen.  Let  x  represent  the  absolute  molecular  heat  of 
formation  of  COa;  y  the  absolute  heat  of  formation  of  water; 
z  the  heat  lost  by  the  dissociation  of  the  oxygen  molecule ;  and  r 
the  heat  lost  by  the  decomposition  of  the  substance  burned ;  then, 
for  CH4,  the  equation  becomes 

*  +  2y  —  2z  —  r  =  191,084. 
This  is  a  simple  case;  in  other  instances  the  equations  must  be 
doubled,  or,  in  the  study  of  organic  halides  and  nitrogen  com- 
pounds, quadrupled  in  order  to  avoid  fractional  molecules  of 
oxygen,  of  nitrogen,  or  of  the  halogen  element.  For  the  sake  of 
uniformity  I  prefer  to  write  quadrupled  equations  throughout,  and 
then  the  formula  for  the  combustion  of  methane  is 

4*  +  8y  —  &ar  —  qr  =  764, 3  36. 
Unfortunately,  equations  of  this  kind  are  indeterminate,  for  every 
new  formula  introduces  a  new  quantity,  and  so  the  unknowns  are 
always  in  excess.  A  direct  algebraic  solution  is  therefore  im- 
possible, and  at  first  sight  it  would  seem  as  though  the  entire 
system  of  equations  was  valueless.  That  this  impression  is  incor- 
rect I  shall  endeavor  to  show.  Upon  careful  examination  the 
equations  exhibit  regularities  which  suggest  hypotheses ;  upon  the 
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latter,  trials  can  be  based,  and  in  that  way  values  are  discoverable 
which  satisfy  the  equations  in  a  fairly  conclusive  manner. 

By  long  study  of  this  kind  I  have  arrived  at  a  general  formula  of 
curious  significance,  at  least  as  regards  the  aliphatic  hydrocarbons 
and  their  non-oxygenated  derivatives.  Let  K  represent  the  heat  of 
combustion  for  any  one  of  these  hydrocarbons;  then  in  the 
quadrupled  formula  4K  must  be  taken.  Now  let  a  be  the  number 
of  molecules  of  C02  produced ;  b  the  number  of  molecules  of  H,0 ; 
c  the  number  of  oxygen  molecules  dissociated ;  and  n  the  number 
of  atomic  unions  or  Unkings* in  the  compound  burned.  Then, 
taking  these  data  directly  from  the  quadrupled  equation,  we  have 
the  following  expression : 

±K 

ttt- 7T-  =  a  constant. 

12a  +  60  —  c —  8» 

The  two  plus  quantities  in  the  divisor  represent  combinations ;  the 

two  minus  quantities  stand  for  decompositions ;  all  the  terms  uf 

the  fundamental  equation  are  thus  utilized.    For  methane,  as 

shown  in  the  quadrupled  equation,  4K  =  764,336,  a  =  4,  6  =  8, 

c  =  8,  and  n  =  4,  the  last  figure  representing  the  four  unions  of 

hydrogen  atoms  with  carbon.     In  ethane  11  =  7,  in  propane  10, 

etc.,  all  Unkings,  whether  of  hydrogen  with  carbon,  or  carbon  with 

carbon,    being   equal    in    value.     Now    (12X4) +  (6X8) — 

(8X1)  —  (8X4)=  56— the  divisor  in  the  case  of  methane. 

The  quotient  obtained  is  13,649,  and  this  I  have  indicated  as  a 

constant.    In  the  following  table  for  fourteen  aliphatic  hydrocar- 


Compound.  Formula. 

Methane CH4 

Ethane C,H, 

Propane CjHg 

Trimethyl  methane  •  •  C4H,0 

Tetramethyl  methane  CjH,, 

Diiaopropyl QHU 

Ethylene C,H4 

Propylene C,H, 

Isobntylene C4H, 

Isoamylene C,Hl0 

Acetylene C,H, 

Allyiene Cf^ 

Diallyl C^Hw 

Oipropargyl C,*!, 


4* 

H«0  as  liquid. 

HfOasgas. 

Divisor. 

Quotient. 

847720 

764336 

56 

13649 

I 48 I 760 

1356684 

98 

13844 

21 16848 

1950080 

140 

13929 

2748760 

25403O0 

182 

'3957 

3388440 

3138288 

224 

14010 

3996800 

3704956 

266 

I39a8 

I333400 

I 2500 16 

92 

13587 

I970960 

1845884 

134 

13776 

2602480 

24357 « 

176 

13839 

3230520 

3022060 

218 

13862 

I2402OO 

I 198508 

86 

13936 

1870200 

1786816 

128 

13959 

3731280 

3522820 

254 

13869 

3531520 

3406444 

242 

14076 

Average,  13873 
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.bons  its  constant  character  appears.  All  the  computations  rest 
upon  Thomsen's  determinations,  adjusted  in  the  manner  which  I 
have  described.  In  fixing  the  value  of  n,  actual  unions  only  are 
counted ;  double  or  triple  carbon  bonds  reckon  as  one  alone,  the 
extra  bonds  being  in  abeyance,  and  thermally  inoperative.  In 
CjH,  for  instance,  n  =  3 ;  in  ethylene,  n  =  5 ;  in  dipropargyl 
n  =  11.  n,  therefore,  for  all  chain  molecules,  equals  the  number 
of  atoms  in  the  compound  minus  one. 

To  trimethylene,  if  it  be  regarded  as  a  ring-compound  with  nine 
unions  in  the  molecule,  the  formula  does  not  apply.  The  aromatic 
hydrocarbons  also  demand  separate  examination,  and  the  formula 
for  them  must  be  modified  by  the  introduction  of  a  constant  factor 
which  represents  the  strength  of  the  carbon  ring.  Since  these 
special  cases  will  be  considered  in  my  complete  memoir  later,  their 
discussion  may  be  omitted  here. 

The  organic  halides,  sulphides  and  nitrogen  compounds  are 
well  covered  by  the  genieral  formula,  provided  that  in  each  case 
an  appropriate  factor  be  added  to  the  divisor  to  indicate  the 
halogen,  sulphur  dioxide  or  nitrogen  produced  upon  combustion. 
Thus,  for  complete  combustion  of  the  halides,  when  halogen 
molecules  are  formed,  the  modification  of  the  formula  is  as  fol- 
lows. Let  h  represent  the  number  of  chlorine  molecules  produced, 
hx  the  bromine  molecules,  and  h2  the  iodine ;  then 


12a  +  6*  +  h  —  c — Sn       12a  +  6*  +  2hx  —  c — 8* 
Chlorides.  Bromides. 

4^T 

12a  +  6&  -f-  4^, — c  —  8« 
Iodides. 

Thomsen  gives  data  for  twenty-two  of  these  compounds,  and 
only  three  of  them  are  exceptional."  Chlorobenzene,  carbonyl 
chloride,  and  carbon  tetrachloride  fail  to  yield  the  usual  constant, 
and  their  consideration  is  therefore  deferred.  The  remaining 
nineteen  compounds  are  given  in  the  first  of  the  following  tables. 

In  dealing  with  the  organic  compounds  of  nitrogen,  the  same 
fundamental  formula  seems  to  hold,  only  it  becomes  necessary  to 
divide  the  available  data  into  two  groups  in  which  the  factor  for 
nitrogen  has  two  distinct  values.  In  the  nitriles  and  cyanides 
when  m  represents  the  number  of  molecules  of  nitrogen  set  free, 
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Compound.  Formula. 

Methyl  chloride CH,C1 

Ethyl  chloride C,H6C1 

Propyl  chloride C,HTC1 

Isobutyl  chloride QH^Cl 

Chlorethylene C,H,C1 

Chloropropylene CgH^Cl 

Allyl  chloride C,HftCl 

Ethylene  chloride-.. -  C,H4C1, 

Ethylidene  chloride  . .  C,H4Cli 

Chloracetol C^Cl, 

Chloroform CHC1, 

Chlorethylene  chloride  C,H,C1, 

Tetrachlorethylene  •  .  •  CjCi* 

Methyl  bromide CHBBr 

Ethyl  bromide C,HftBr 

Propyl  bromide C,HTBr 

Allyl  bromide C,H5Br 

Methyl  iodide CHSI 

Ethyl  iodide C,H5I 


Compound.  Formula. 

Hydrocyanic  add  - .  •  •     HCN 

Cyanogen C,Nt 

Acetonitrile C,HtN 

Propionitrile C,H7N 


Compound.  PormuU. 

Methylamine CHftN 

Ethylamine C,H,N 

Propylamine C,H,N 

Iaobntylamine C4HnN 

Amylamine ^H^N 

Dimethylamine C,H7N 

Diethylamine C4H„N 

Trimethylamine CjH^ 

Triethylamine C,HUN 

Allylamine C,HTN 


\K 

► 

nU. 

Quo- 
tient 

HfO  as  liquid. 

BiOasgaa. 

VlfP 

sor. 

707800 

645262 

47 

13729 

I336440 

I 232210 

89 

13845 

1969520 

1823598 

X3I 

I392I 

2600360 

2412746 

*73 

13947 

I I93360 

1130722 

83 

13617 

1813480 

1709250 

«5 

13674 

1818720 

1 714490 

125 

I37I6 

I 185440 

I I02056 

80 

13776 

I 185640 

IZO2256 

80 

13778 

1815520 

1690444 

122 

13840 

428120 

407274 

29 

14044 

IO49920 

987382 

71 

13907 

760280 

760280 

56 

13576 

738840 

676302 

49 

13802 

1367280 

I263050 

9i 

13880 

I 997160 

1851238 

133 

I39I9 

1848480 

1744250 

127 

13734 

784320 

721782 

53 

13619 

1414920 

1310690 

95 

13797 

Average, 

.  13796 

en  Compounds. 

& 

■ 

rjivi. 

Quo- 
tient. 

HfO  as  liquid. 

HjO  as  gas. 

sor. 

634480 

613634 

45 

13636 

IO38480 

IO38480 

76 

13664 

1248560 

X186022 

87 

I3632 

1885800 

1781570 

129 

13819 

Average,  13688 

Amines. 

4AT. 

Dfoi- 

Quo- 
tient 

HfO  as  liquid. 

HtOasgas. 

sor. 

IO33280 

929050 

69 

13465 

1662680 

15 16758 

III 

13664 

2302960 

21 15346 

153 

13826 

2901440 

2672134 

195 

13703 

3562320 

3291322 

237 

13423 

I 681840 

I5359I8 

III 

13837 

2938COO 

2708694 

195 

13891 

2330520 

2142906 

153 

14006 

4209530 

3896830 

279 

13967 

2125120 

1979198 

H7 

13463 

Average,  13725 
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the  factor  is  3w.  In  the  amines  it  is  gm.  The  divisors  there- 
fore become  for  cyanogen  compounds,  12a  +  6&  +  im  —  r  —  8w, 
and  for  amines,  I2a  +  6b  +  gm  —  c  —  8m,  the  dividend  in  each 
case  being  4K  and  the  quotient  a  constant  as  heretofore.  Leaving 
the  oxygen  compounds  such  as  nitrates,  etc.,  temporarily  out  of 
account,  we  have  data  for  eighteen  substances.  Of  these,  am- 
monia, aniline,  pyridine  and  piperidine  are  exceptional,  and  must 
be  reserved  for  future  consideration ;  the  remaining  fourteen  are 
regular,  as  shown  in  the  last  tables. 

In  the  combustion  of  organic  sulphur  compounds,  at  least  in  the 
cases  given  by  Thomsen,  SO,  is  produced,  and  this  implies  a  dis- 
tinct factor  to'be  added  to  the  divisor  of  the  general  formula.  If 
$  represents  the  number  of  molecules  of  S02  formed,  the  factor  to 
be  taken  is  9$,  and  the  divisor  becomes  12a  +  6&  +  9$  —  c  —  8m. 
Some  of  the  compounds  studied  were  cyanogen  derivatives,  and 
with  these  the  factor  3m  must  also  be  taken  into  account,  as  in  the 
nitriles,  etc.,  which  have  already  been  considered.  For  thiophene, 
carbon  disulphide,  and  carbonyl  sulphide  exceptional  conditions 
hold,  and* their  consideration  will  therefore  be  deferred.  The  re- 
maining substances  are  as  follows : 


4*. 

nivi. 

Quo- 
tient. 

Compound.                         Formula. 

HjO  at  liquid. 

HjO  as  ga*. 

•or. 

Hydrogen  sulphide  •  • 

H,S 

546840 

505M8 

38 

13293 

Methyl  mercaptan 

CH4S 

I 195240 

III 1856 

80 

13898 

C,HtS 

1822600 

1697524 

122 

139*4 

Methyl  sulphide 

C,HfS 

1829400 

1704324 

122 

13970 

C4H10S 

3068680 

2964450 

206 

14390 

Methyl  sulphocyanide 

C,HBNS 

I595&» 

1533262 

III 

13813 

Methyl  mustard  oil.  • . 

C,H,NS 

1568240 

1505702 

III 

15565 

C4H5NS 

2701440 

2597210 

189 

Average, 

13742 
13823 

Two  of  the  quotients  in  this  group,  it  will  be  observed,  are  unsatis- 
factory, but  as  they  diverge  in  opposite  directions  it  is  not  neces- 
sary to  reject  them  from  the  mean. 

We  have  now  examined  the  heats  of  combustion  of  seventy  of 
the  compounds  studied  by  Thomsen.  Fifty-five  of  these  give  close 
approximations  to  a  constant  when  tested  by  the  formula,  and 
fifteen  are  either  exceptional  or  erroneous.  Many  of  the  fifteen 
are  explicable,  but  not  without  more  detail  than  would  be  admis- 
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sible  in  a  preliminary  notice.     My  final  memoir  will  deal  with 
them  all. 

There  still  remain,  unconsidered,  about  fifty  other  substances 
which  contain,  in  addition  to  hydrogen  and  carbon,  more  or  less 
oxygen  within  their  molecules.  They  are  therefore,  upon  burn- 
ing, incompletely  dissociated,  for  the  oxygen  atoms  must  remain 
combined  with  one  or  another  of  the  elements  associated  with  it. 
Furthermore,  fewer  external  oxygen  molecules  are  broken  up 
during  the  process  of  combustion,  and  therefore  the  factor  c  of 
the  general  formula  must  undergo  modification.  The  quantity  n, 
also,  no  longer  represents  absolute  dissociation  of  the  molecule 
burned,  and  its  significance,  therefore,  changes.  The  formula, 
however,  with  proper  modifications,  still  applies,  and  the  same 
constant  appears  as  its  quotient.  For  present  purposes  one  series 
of  compounds,  the  alcohols,  will  serve  to  illustrate  the  principle ; 
the  others  must  wait  until  some  future  time.  In  this  series,  still 
using  quadrupled  formulas  for  the  sake  of  uniformity,  the  symbol 
c  of  the  divisor  represents  the  external  oxygen  consumed ;  and  cx 
indicates  the  number  of  oxygen  molecules  contained  in  the  alcohol. 
The  formula  then  becomes 


4^ 


=  const., 


12a  -f  6b  —  c — cx  —  Sn 
and  the  results  of  its  application  are  as  follows : 


ax. 


Compound.  Formula. 

Methyl  alcohol CH40 

Ethyl  alcohol C,H60 

Propyl  alcohol CsHgO 

Isopropyl  alcohol  •  •  •  •  C*HgO 

Isobutyl  alcohol  v . . .  C<H10O 

Trimethyl  carbinol  •  •  •  C4H,0O 

Isoamyl  alcohol C5HlsO 

Dimethylethyl   carbi- 
nol   CftHuO 

Allyl  alcohol C,H,0 

Propargyl  alcohol....  C9H40 

Ethylene  glycol C,HaO, 


H3O  as  liquid. 
728920 

HfOasgas. 
645536 

Divi- 
sor. 

48 

Quo- 
tient. 

13448 

1362120 
1994520 
I973280 

1237044 
1827752 
1806512 

90 
132 
132 

13745 
13846 

I3686 

2633960 

2565360 
3280280 

2425550 
2356900 
3030x28 

174 

174 
2l6 

13939 
13546 
14028 

3241800 
1859040 
I724400 
II92440 

2891648 

1733964 
1641016  . 

10^7364 

2l6 

126 

120 

82 

13387 
13762 

13675 
I30I7 

Average,  13646 
Omitting  ethylene  glycol,.  13706 

Taken  altogether,  the  data  so  far  presented  summarize  thus,  the 
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figure  given  being,  for  each  set  of  substances,  the  mean  value  of 

the  quotient. 

Hydrocarbons,  14  compounds 13873 

Halogen  compounds,  19  compounds 13796 

Cyanides,  4  compounds 13688 

Amines,  10  compounds 13725 

Sulphur  compounds,  8  compounds 13823 

Alcohols,  11  compounds 13646 

Average,  66  compounds 13773 

What  now,  is  the  meaning  of  the  formula  used,  and  of  the  con- 
stant which  is  derived  from  it? 

Before  attempting  to  answer  this  question  I  may  properly  point 
out  that  the  formula  itself  can  be  condensed  and  simplified.  Takiag 
the  hydrocarbons,  as  the  least  complex  of  the  series  studied, 
the  formula  may  be  given  in  three  forms,  as  follows : 

*K  _  *K  _      &     _ 

; — 77 tt~  ==  — 7 — ; — r< ^~  == tt  ==  const. 

12a +60  —  c — Sn       h(«  +  t). —  8»       11* — 8« 

The  difference  between  these  expressions  arises  from  the  fact 
that  the  oxygen  used  is  always  proportional  to  the  carbon  and 
hydrogen  burned,  but  all  three  give  the  same  quotient.  The  first 
and  most  elaborate  form,  however,  is  the  one  to  be  preferred,  for 
the  reason  that  it  gives  in  detail  all  the  factors  of  the  original 
equations.  In  it  the  constant  appears  as  a  function  of  all  the 
changes  which  have  taken  place,  the  substances  produced  being 
indicated  with  the  plus  sign,  while  the  substances  destroyed  are 
represented  by  minus  quantities.  The  other  formulas  may  be 
easier  to  apply,  but  they  are  much  less  simple  to  interpret. 

Looking  now  to  the  constant  itself,  13,773,  we  see  that  it  is 
sensibly  identical  in  value,  within  the  limits  of  experimental  uncer- 
tainty, with  the  neutralization  constant  of  13,700  calories.  The 
latter  is  purely  chemical  in  its  character,  uncomplicated  by  ex- 
traneous physical  considerations,  and  it  represents  a  union  of  the 
simplest  kind,  one  bond  joining  two  ions.  In  short,  it  seems  to  be 
a  definite  unit  of  thermochemical  change,  of  which  the  quantities 
discussed  in  this  paper  are  multiples,  and  by  whose  aid  the  original 
equations,  hitherto  indeterminate,  may  be  satisfied.  Let  us  ex- 
amine the  general  formula  in  more  detail. 

If  we  take  the  constant  13,773  calories  as  our  unit,  the  funda- 
mental formula  may  be  written 
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4^ 


=  i,  or  one  unit, 


12a  +  6t —  c — 8» 

and  hence,  12a  +  6b  —  c  —  8n  =  4K ;  that  is,  each  molecule  of  a 
or  COs  produced  by  the  combustion  has  a  value  of  12  units,  each 
molecule  of  water  is  represented  by  6  units,  each  molecule  of 
oxygen  by  1,  and  each  atomic  linking  in  one  molecule  of  the  sub- 
stance under  investigation  by  8/4,  or  2.  These  quantities  repre- 
sent the  actual  heat  of  formation  of  the  several  molecules  from 
gaseous,  dissociated  atoms,  and  when  they  are  introduced  into  the 
original  equations  the  latter  are  satisfied. 
Let  us  recur  to  the  equation  for  methane : 

x  +  2y  —  2jb  —  r  =  191,084. 

*-  =  I2X  13773     =        165276 

2>=I2X  13773     =       J65276 

—2Z  =  2  X  (—  13773)  =  —  37566 

—  r=  8  X  (—  13773)  =  —  "0184 

Sum  =  192822 

a  quantity  which  exceeds  Thomsen's  mean  value  by  0.91  per  cent. 
As  Thomsen's  separate  determinations  vary  among  themselves  by 
0.99  per  cent,  the  agreement  is  satisfactory.  The  calculated  value 
is  about  0.2  per  cent,  higher  than  his  highest. 

This  one  example  is  enough  to  show,  for  present  purposes,  the 
method  of  computation,  but  to  illustrate  its  effectiveness  a  few 
more  instances  may  be  given  in  condensed  form.  Each  equation 
represents  the  combustion  of  four  molecules  of  the  substance 
named,  the  water  produced  being  reckoned  as  gaseous. 


Compound.  Equation 

Ethane &r  +  i2y  —  14*  —  4r  =  1356684 

Propylene \2X  +  i2y  '—  18*  —  4r  =  1845884 

Methyl  chloride  4*+    6y+    2h  —    iz  —  ^r  —   645262 

Ally  1  bromide..  12X  +  iqy  +    2hy  —  17*  —  4r  =  1744250 

Ethyl  iodide...  Sx  +  \oy  +    2*,  —  13*  —  4r  =  1310690 

Propionitrile  ,.  12*  +  i+y  +    2m  —  19*  —  +r  =  1 781570 

Ethylamine  ...  8r  +  147  +    2m  —  15*  —  AT  =  1516758 

The  agreements,  as  shown  in  the  percentage  column,  are  reason- 
ably close ;  the  absolute  variations,  to  be  compared  with  Thomsen's 
data,  should  be  divided  by  four.  It  must  be  remembered  that 
Thomsen's  determinations  vary  among  themselves;  that  they 


Calculated. 

Varia- 
tion. 
Per 
cent. 

1349754 

O.51 

1845582 

O.04 

647331 

O.32 

I749I7I 

O.28 

I308435 

O.17 

I7767I7 

O.28 

1528803 

O.79 
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represent  measurements  at  constant  pressure  and  not  at  constant 
volume;  that  there  is  a  small  uncertainty  in  the  adjustment  from 
liquid  to  gaseous  water ;  and  that  other  unnoted  corrections  should 
possibly  be  applied.  Take  it  for  all  in  all,  the  validity  of  the  con- 
stant may  be  looked  upon  as  established,  and  a  fair  estimate  of 
absolute  thermochemical  values  has  been  attained.  The  neutrali- 
zation constant,  as  determined  with  different  acids  and  bases, 
shows  fully  as  great  variations,  and  yet  there  can  be  little  doubt  as 
to  its  authenticity  and  meaning. 

It  would  be  most  unwise  to  assume,  from  the  evidence  here 
presented,  that  the  constant  under  discussion  governs  all  chemical 
combinations.  It  applies  to  the  classes  of  compounds  considered 
in  this  paper,  but  there  are  others  to  which,  in  all  reasonable  prob- 
ability, it  does  not  apply.  Its  significance,  however,  is  very  great, 
and  it  suggests  a  general  law.  In  any  class  of  compounds,  the 
heat  of  formation  is  proportional  to  the  number  of  atomic  Unkings 
within  the  molecule,  and  seems  to  bear  no  relation  to  the  masses  of 
the  atoms  ivhich  are  combined.  Among  organic  substances,  this 
relation  is  very  clear,  and  is  implied  in  the  factor  8u  which  occurs 
in  all  forms  of  the  general  formula.  For  these  compounds  the 
fundamental  unit  appears  to  be  double  the  constant,  or  27,600  in 
round  numbers.  Multiply  this  by  four,  the  number  of  unions  in 
the  molecule,  and  we  have  the  absolute  heats  of  formation,  from 
gaseous,  dissociated  atoms,  of  methane,  of  methyl  chloride,  bro- 
mide, or  iodide,  and  of  chloroform,  all  these  quantities  being 
equal.  Multiply  by  seven,  and  the  value  for  ethane  is  obtained, 
and  so  on  throughout  the  aliphatic  hydrocarbons  and  their  im- 
mediate derivatives.  For  other  compounds,  as  in  the  aromatic 
group,  the  coefficent  of  n  seems  to  be  other  than  8,  but  here  the 
actual  number  of  atomic  unions  is  uncertain.  For  inorganic  sub- 
stances, considered  in  the  gaseous  state,  the  data  are  too  few,  and 
constants  of  different  magnitude  may  control  their  formation.  On 
this  subject,  speculation  would  be  premature,  and  I  must  reserve 
my  conclusions  regarding  it  until  later.  Probably,  however,  the 
general  principle  will  hold,  and  the  absolute  heat  of  formation  of 
any  substance  will  prove  to  be  a  function  of  the  number  of  atomic 
unions  within  the  molecule ;  that  is,  of  the  number  of  chemical  acts 
involved  in  its  production. 


A  NEW  QLASS  OP  LOW  SOLUBILITY.* 

By  G.  B.  Barton 

Received  Jua*  7, 190a. 

The  statement  in  a  recent  number  of  Science*  to  the  effect  that 
American  glass  is  inferior  to  that  made  in  Germany  is  without 
doubt  true  if  for  "Germany"  we  read  "Jena".  The  grounds  for 
the  clairft  that  at  least  one  glass  made  in  this  country  heretofore 
has  been  equal  to  anything  made  on  the  continent  except  Jena 
glass,  I  submit  herewith.  I  have  here,  also,  samples  of  a  glass  of 
my  own  devising  which  I  believe  is  the  equal  of  the  Jena  glass  as 
regards  its  resistance  to  water,  acids  and  carbonates,  and  superior 
in  its  resistance  to  caustic  alkali  solutions.  Before  presenting  the 
figures,  however,  a  brief  resume  of  the  method  by  whicli  they  were 
obtained  and  the  reason  for  its  choice  in  preference  to  others  is 
submitted. 

In  deciding  upon  this  method  for  testing  the  comparative  solu- 
bility of  different  glasses,  I  have  passed  over;  the  beautiful  work  of 
Pfeiffer,  Kohlrausch,  Mylius  and  Foerster,  all  of  whom  have  com- 
pared different  glasses  by  determining  the  amount  of  bases  which 
go  into  solution  upon  treating  them  with  water,  either  by  conduc- 
tivity or  purely  chemical  methods,  for  a  method  which  is  not 
particularly  novel,  but  gives  results  "n  the  ordinary  units  of  the 
chemist. 

The  method  employed  was  as  follows :  pint,  globe,  flat-bottomed 
flasks  were  rinsed  in  chemically  pure  ammonium  hydroxide,  then 
in  water,  then  in  chemically  pure  hydrochloric  acid,  then  in  water, 
and  finally  with  alcohol  and  ether,  after  which  they  were  dried  at 
the  temperature  of  the  room  by  a  current  of  dry  air,  carefully 
wiped  with  a  towel,  and  allowed  to  stand  exactly  one-half  hour  be- 
fore weighing.  The  weighing  was  carried  to  o.i  mg.  with  the 
ordinary  precautions  of  analytical  chemistry.  I  am  aware  that 
the  glass  could  not  have  been  free  from  water  at  the  time  of 
weighing,  but  every  effort  was  made  to  insure  as  uniform  a  state 
as  regards  moisture  as  possible. 

The  flasks  after  weighing  were  partially  filled  with  exactly  300 

*  Read  at  the  Pittsburg  meeting  of  the  American  Chemical  Society,  July  a,  1903. 

*  "It  is  claimed  that  American  glass  is  inferior  to  German  in  quality  and  power  of  re- 
sistance to  chemicals,'*  Bxcerpts  from  the  Report  of  the  Census  Committee  of  the  Amer- 
ican Chemical  Society,  SeUnce%  19, 813. 
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cc.  of  a  I  per  cent,  solution  of  sodium  carbonate,  attached  to  an  in- 
verted condenser  by  a  rubber  stopper,  and  boiled  for  exactly  three 
hours  over  an  asbestos  plate  one-sixteenth  inch  thick  heated  by  a 
Bunsen  burner,  the  latter  being  so  regulated  as  to  produce  as  slow 
but  constant  an  ebullition  as  possible.  The  level  of  the  liquid  was 
not  appreciably  lowered  in  the  three  hours.  At  the  end  of  this 
time  the  flasks  were  disconnected,  emptied,  rinsed  with  water  three 
times,  then  treated  precisely  as  before  the  boiling,  and  weighed. 
300  cc.  of  water  were  next  used,  then  300  cc.  of  a  solution  contain- 
ing 04  per  cent,  of  hydrochloric  acid,  and  finally  the  same  quantity 
of  a  1  per  cent,  solution  of  sodium  hydroxide,  the  weighing,  rins- 
ing and  drying  always  being  carried  out  as  above  described. 

That  this  method  gives  results  sufficiently  accurate  for  factory 
control  I  have  proved  repeatedly.  It  has  the  great  advantage  that 
it  can  be  applied  by  any  one  in  almost  any  laboratory,  as  it  only 
requires  the  ordinary  forms  of  apparatus  and  reagents,  and  if 
used  for  comparing  two  samples  of  glass,  no  particular  care  as  to 
the  exact  strength  of  the  solutions  used  is  necessary,  provided  only 
both  are  treated  alike.  The  greatest  cause  of  variation  in  testing 
the  ordinary  quality  of  chemical  ware  is  that  the  surface  layer  of 
the  glass,  after  partial  extraction  with  the  solvent,  is  more  or  less 
completely  removed  by  the  mechanical  action  of  the  escaping 
steam.  This  cause  of  variation  becomes  almost  nothing,  how- 
ever, in  testing  glasses  like  the  Jena  normal  glass  and  the  new 
glass. 

Mylius  and  Foerster1  found  that  the  ratio  of  the  bases  to  silicic 
acid  in  the  aqueous  solution  obtained  by  boiling  water  five  hours  in 
flasks,  varied  from  1  :o.2i  to  1  :i.6,  the  figures  being  for  a  poor 
glass  from  Thuringia  and  Kavalier's  glass  respectively.  From 
this  it  is  plain  that  no  conclusions  as  to  the  total  amounts  going 
into  solution  can  be  drawn  with  safety  from  the  results  of  any 
method  which  only  gives  the  amount  of  bases  taken  up.  It  is  also 
clear  that  such  a  method  cannot  be  used  for  comparing  glasses  so 
totally  different  in  composition  as  those  made  by  Schott  at  Jena 
and  by  Kavalier  in  Bohemia.  While  the  unavoidable  variations 
(when  testing  by  the  method  I  used)  between  different  results 
with  the  same  glass  are  sometimes  rather  large,  it  is  also  certain 
that  they  are  equally  great  in  using  the  ware,  so  that  an  average  of 

»  Ztsckr.  mnal.  Chem.%  31,  345. 
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a  sufficient  number  of  results  comes  nearer  representing  actual 
practice  than  anything  else  that  has  been  proposed. 

Each  of  the  following  figures  is  an  average  of  three  results  and 
represents  the  loss  in  milligrams  sustained  by  flasks  when  tested 
as  described : 

Loss  per  "Pulse.  Expressed  in  Milligrams. 

Whkall-       Kava-  New 

TatumCo.        lier.         Jena.        glass. 

One  per  cent,  sodium  carbonate  solution.  134.4  126.6  30.6  32.3 

Water 8.4  20.6  1.1  0.7 

Two-fifths  per  cent,  hydrochloric  acid  so- 
lution   4.7  16.2  1.3  1.5 

One  per  cent,  sodium  hydroxide  solution  100. 1  78.4  97. 1  89.0 

Total  loss 247.6       241.8      130.1      123.5 

The  variations  between  the  new  glass  and  the  Jena  glass  are, 
with  the  exception  of  the  solubility  in  1  per  cent,  sodium  hydroxide 
solution,  within  the  limits  of  factory  practice.  In  resisting  caustic 
soda  solution,  however,  the  new  glass  is  undoubtedly  superior  to 
the  Jena  glass. 

It  may  not  be  out  of  place  at  this  time  to  call  attention  to  the  fact 
that  beakers  made  of  either  the  new  glass  or  Jena  glass  can  be 
used  for  evaporations  on  the  water-bath  without  danger  of  crack- 
ing. A  few  tests  of  beakers  made  from  other  kinds  of  glass  will 
convince  one  that  very  few  pieces  will  stand  exposure  to  steam  for 
more  than  fifty  hours.  I  have  exposed  beakers  of  both  the  new  and 
Jena  glass  to  the  actiorl  of  steam  for  over  200  hours  continuously, 
without  any  sign  of  fracture  appearing. 

CXBM ICA1  X4ABOKATORY  OF  WBITALL  TATUM  COMPANY, 

June  4, 190a. 
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Rapid  Volumetric  Method  for  Determining  Phosphoric  Acid  in 
Fertilizers. — In  describing  the  following  volumetric  method  for 
the  determination  of  phosphoric  acid  in  fertilizers  and  fertilizing 
materials  very  little  that  is  strictly  original  is  claimed.  The 
method  is  a  modification  of  the  volumetric  method  as  published  by 
die  Association  of  Official  Agricultural  Chemists.  The  most  im- 
portant change  consists  in  shaking  the  solution  after  adding  the 
ammonium  molybdate. 
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Under  ordinary  conditions  the  method  can  be  completed  in 
about  thirty  minutes  from  the  time  the  sample  is  received  at  die 
laboratory.  A  great  many  determinations  have  been  made  in 
twenty  minutes  which  agreed  in  duplicate  to  the  second  decimal 
place  and  which  did  not  vary  over  0.1  per  cent,  from  a  careful 
gravimetric  determination.  Over  3000  determinations  have  been 
made  by  the  method  during  the  regular  work  of  the  laboratory  on 
samples  ranging  from  1  per  cent,  up  to  47  per  cent,  phosphoric 
acid.  Between  these  very  wide  limits  it  seems  to  be  all  that  could 
be  desired  both  for  rapidity  and  accuracy. 

The  following  table  will  illustrate  the  very  close  agreement  of 
duplicate  determinations  with  each  other  and  with  the  gravimetric 
method  of  the  Official  Agricultural  Chemists. 

Two  grams  of  the  sample  were  digested  and  made  up  to  250  cc. 


Time  taken  Aliquot       Per  cent,  of  phosphorus  pentoxide 

in  making  part  in  by  volumetric    by  gravimetric 

determination.       grama.  method.  method. 


i,  10  cc  used  20  minutes  0.08  15*05 

2.  15  cc.  used  30  minutes  0.12  15.00  .... 

3.  20  cc.  used                  0.16  ....  15.04 

4.  25  cc.  used  1  hour  0.20  15.00  .... 

5.  30  cc.  ued  \  Yell°w  P««I»t»t*    0.M  ,4.34 

I  stood  over  night 

Method :  Weigh  2  grams  of  the  prepared  sample  into  a  200  cc. 
beaker,  add  about  10  cc.  strong  hydrochloric  acid,  mix  by  shaking, 
wash  down  the  sides  of  the  beaker  with  about  10  cc.  of  water, 
cover  the  beaker  with  a  watch-glass,  and  boil  briskly.  With  the 
watch-glass  slightly  raised,  add  slowly  from  1  to  2  grams  of  so- 
dium chlorate  or  enough  to  decompose  the  organic  matter  except- 
ing fat.  Boil  off  the  excess  of  free  chlorine.  Dilute  with  water  and 
transfer  the  contents  of  the  beaker  to  a  250  cc.  measuring  flask. 
Cool  and  make  up  to  the  mark.  In  case  no  fat  is  present,  filtration 
is  usually  unnecessary  as  a  small  amount  of  insoluble  residue  will 
not  influence  the  titration.  Transfer  an  aliquot  part  of  25  cc., 
representing  0.2  gram  of  the  original  sample,  to  a  200  cc.  Erlen- 
meyer  flask,  add  15  cc.  ammonia  (sp.  gr.  0.90)  and  a  small  piece 
of  litmus  paper.  Neutralize  the  ammonia  with  strong  nitric  acid, 
using  a  slight  excess  only.  The  temperature  of  the  solution  is 
now  about  650  C.  If  more  than  20  or  30  above  this  temperature 
add  cold  water  to  bring  it  down  to  65  °  C.  Now  add  from  25  cc. 
to  75  cc.  ammonium  molybdate  solution,  depending  on  the  amount 
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of  phosphorus  pentoxide  in  the  sample,  and  shake  vigorously  by 
hand.  Mechanical  shaking  is  of  but  slight  advantage.  The  pre- 
cipitate will  settle  out  clear  very  quickly.  Filter  with  suction 
through  a  9  cm.  filter-paper.  Wash  the  precipitate  free  from  acid 
with  water,  making  no  effort  to  remove  the  precipitate  from  the 
flask.  The  washing  will  take  about  two  minutes.  Test  the 
filtrate  by  adding  more  ammonium  molybdate  solution  and  heating 
to  65 °  C.  Transfer  the  precipitate  and  filter-paper  to  the  Erlen- 
meyer  flask,  and  run  in  standard  alkali  until  the  yellow  precipitate 
is  nearly  dissolved.  Shake  to  disintegrate  the  filter-paper.  Now 
add  1  cc.  phenolphthalein  solution  as  indicator  and  continue  add- 
ing the  alkali  cautiously  until  the  pink  color  remains  permanent 
for  about  a  minute.  The  end-reaction  is  very  sharp.  In  case  an 
excess  of  alkali  is  added  it  can  be  titrated  back  with  standard  acid. 
Divide  the  burette  reading  by  two  and  the  result  will  be  the  per 
cent,  of  PaOB  in  the  sample. 

Preparation  of  Reagents. 

(a)  Molybdic  Solution:  This  solution  is  made  as  directed  in 
Bulletin  No.  46,  Revised  Edition,  U.  S.  Department  of  Agricul- 
ture, Division  of  Chemistry,  except  that  the  solution  is  heated  for 
five  hours  in  a  bath  of  water  at  a  temperature  of  65 °  to  67  °  C. 

(b)  Standard  Potassium  Hydroxide  Solution :  This  is  prepared 
by  diluting  323.81  cc.  of  normal  potassium  hydroxide,  free  from 
carbonates,  to  1  liter.  One  cc.  is  equal  to  1  mg.  phosphorus 
pentoxiae. 

(c)  Standard  Sulphuric  Acid  Solution:  The  strength  of  this 
solution  is  the  same  as  that  of  the  standard  alkali. 

(d)  Phenolphthalein  Solution:  One  gram  of  phenolphthalein 
is  dissolved  in  100  cc.  of  50  pir  cent,  alcohol.         A.  L.  Emery. 

» 

Nczv  Apparatus  in  Water  Analysis. — In  the  June  number  of  this 
Journal  (p.  537)  Messrs.  Thomas  and  Hall  describe  under  the 
above  heading  an  apparatus  for  collecting  samples  of  water  for 
the  determination  of  dissolved  oxygen  or  carbon  dioxide.  While 
the  apparatus  may  be  a  convenient  one  for  this  purpose,  it  seems  a 
just  criticism  to  point  out  that  samples  collected  in  this  way  will 
not  represent  the  exact  character  of  the  water  being  tested  and 
that,  too,  where  results  of  the  greatest  accuracy  possible  are  re- 
quired.   Suppose  the  sample  is  to  be  collected  from  the  bottom  of 
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a  deep  pond  where  the  oxygen  at  most  amounts  to  only  a  few 
tenths  per  cent,  of  saturation.  The  entering  water  will  come  in 
contact  with  the  air  in  the  bottle  and  will  undoubtedly  absorb 
some  oxygen.  It  has  been  found  in  our  work  that  when  the  dis- 
solved oxygen  content  of  the  water  is  very  low  it  is  always  neces- 
sary to  aspirate  through  the  calibrated  bottle  at  least  several  times 
its  volume  of  the  water  in  order  to  be  sure  that  the  first  portions 
entering  the  bottle  shall  be  completely  displaced.  In  the  apparatus 
described  no  provision  is  made  for  this  and  it  will  be  evident  that 
in  such  cases  the  results  will  not  be  accurate.  The  same  criticism 
will  apply,  though  perhaps  not  with  the  same  force,  to  determina- 
tions of  carbon  dioxide  made  on  samples  collected  in  this  way. 

A.  G.  Woodman. 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY, 

Boston,  Mam,  June  10,  190a. 
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O&UNDSISS  DBR  QUAIjf  ATlVBN  ANALYSE  VOM  STANDPUNKTB  DBR  I/SHRS 
VON  DEN  IONEN.     BY  DR.    WUH.  B&TTGBR.     Leipsic.      I902.     250  pp. 

-f  15  pp.  of  tables. 
This  book  may  be  briefly  characterized  as  an  interpretation  in 
detail  of  the  usual  scheme  of  qualitative  analysis  with  the  help  of 
the  LaWs  of  Chemical  Equilibrium  and  the  Ionic  Theory.  It  dif- 
fers from  Ostwald's  "Scientific  Foundations  of  Analytical  Chem- 
istry" in  the  respect  that  the  theoretical  principles  involved  are 
gradually  introduced  in  connection  with  the  analytical  procedure, 
instead  of  as  an  introduction  to  it ;  and  in  the  respect  that  it  is 
intended  to  serve  as  a  working  masual  for  a  course  of  qualitative 
analysis,  rather  than  as  an  accompaniment  to  such  a  course.  It 
differs  from  the  recent  treatise  of  Treadwdl  on  the  same  subject 
in  that  it  is  far  less  extensive  and  complete  on  the  experimental 
side,  and  in  that  the  theoretical  interpretation  of  the  reactions  is 
given  greater  prominence.  In  fact,  the  point  of  view  from  which 
the  book  is  written  would  seem  to  make  it  fitted  to  teach  laws  and 
theoretical  principles  with  the  help  of  qualitative  analysis,  rather 
than  qualitative  analysis  with  the  help  of  the  principles.  And, 
correspondingly,  for  the  training  of  exact  analysts,  the  book  can 
not  be  said  to  be  fully  satisfactory ;  for  the  conditions  for  securing 
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certainty  and  delicacy  in  the  tests  are  often  not  sufficiently  indi- 
cated. Moreover,  the  directions  for  laboratory  experiments  are 
either  so  incomplete  or  so  interwoven  with  descriptions  and  theo- 
retical explanations,  that  some  difficulty  would  be  met  with  in  the 
use  of  the  book  as  a  laboratory  manual.  In  spite,  however,  of 
these  and  other  defects  in  the  manner  of  presentation,  the  book  is 
a  very  valuable  contribution  to  the  science,  and  well  deserves  the 
attention  of  students,  and  especially  of  teachers,  of  the  subject ;  for 
it  represents  the  first  systematic  attempt  at  a  detailed  interpretation 
of  the  reactions  of  qualitative  analysis  from  the  standpoint  of 
modern  theoretical  chemistry,  carried  out  by  an  author  who  shows 
himself  to  be  thoroughly  familiar  with  the  principles  involved. 

To  illustrate  more  fully  the  character  of  the  book,  the  following 
summarized  statement  of  its  contents  may  be  presented.  After  a 
very  brief  introduction,  the  author  describes  the  precipitation  and 
separation  of  lead,  silver,  and  mercurous  mercury ;  discusses  inci- 
dentally filtration,  washing,  the  significance  of  solubility  and 
equilibrium  in  general ;  and  presents  the  fundamental  hypothesis  of 
the  Ionic  Theory, — unfortunately  in  a  somewhat  intangible  form, 
since,  following  the  practice  of  Ostwald,  the  author  avoids  using 
the  concepts  of  the  Atomic  Theory.  He  then  describes  and  inter- 
prets the  important  additional  reactions  of  these  metals,  introdu- 
cing the  subject  of  complex  ions  and  their  effects  in  increasing 
solubility  in  connection  with  the  silver-ammonia  and  silver- 
cyanogen  compounds.  The  precipitation  and  separation  of  the 
metals  of  the  hydrogen  sulphide  group  are  next  described,  theoreti- 
cal explanations  being  interwoven  with  the  procedure  at  each  step. 
Incidentally,  the  Mass-Action  Law  in  its  general  form  is  brought 
in,  and  is  applied  to  the  hydrogen  sulphide  precipitation.  Ad- 
ditional reactions  of  the  metals  of  the  group  are  then  discussed, 
and  the  varying  degree  of  dissociation  of  different  substances  is 
referred  to. 

In  coilnecton  with  the  succeeding  groups  of  metals 
a  similar  plan  is  followed.  The  principles  relating  to  oxidation 
and  reduction,  to  the  precipitation  by  ammonia  of  alkaline-earth 
phosphates,  to  hydrolysis,  and  to  colloids,  are  treated  under  the 
aluminum  and  iron  groups.  Unfortunately,  the  solubility-product 
principle  and  the  equilibrium-equation  for  dissolved  electrolytes 
arc  not  taken  up  till  the  calcium  group  is  reached.    By  reason  of 
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this  fact  the  explanations  of  many  points  in  die  scheme  of 
analysis  for  metals  are  so  incomplete  that  much  of  the  gain  which 
should  result  from  the  application  of  the  Ionic  Theory  is  not 
realized. 

The  second  part  of  the  book  is  devoted  to  the  detection  and 
reactions  of  the  acid  radicals  or  anions.  This  part,  consisting  of 
sixty  pages,  is  unusually  thorough  and  complete.  The  dis- 
sociation-relations of  the  various  acids,  the  subjects  of  catalysis 
and  of  fractional  solution  -and  crystallization,  the  principle  of 
valence,  and  other  theoretical  considerations  are  introduced. 

The  third  part  of  the  book  treats  at  length  of  the  preliminary 
examination  in  the  dry  way,  and  of  the  methods  of  preparation  of 
solutions  for  analysis.  A  number  of  special  procedures 
adapted  to  the  different  insoluble  substances  are  described. 

A  fourth  part  consisting  of  thirty-three  pages,  is  devoted  to  the 
reactions  of  the  rarer  metals, — a  subject  too  often  neglected. 

A  set  of  tables,  in  the  form  of  a  separate  pamphlet,  summarizing 
the  whole  procedure,  and  intended  for  laboratory  use,  accompanies 
the  book. 

An  English  translation  is  in  preparation,  which  will  make  this 
valuable  work  available  for  the  use  of  elementary  students. 

Arthur  A.  Noyes. 
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A  NEW  SEPARATION  OP  THORIUM  PROM  CERIUri,  LAN- 
THANUM, AND  DIDYillUM,  AND  IT5  APPLICATION 
TO  THE  ANALYSIS  OF  /"IONAZITE.1 

By  Floyd  J.  Mbtzobr. 

R«e«lv«d  June  m,  190a. 

Thb  marked  disagreement,  among  well-recognized  chemists,  in 
the  determination  of  thorium  in  monazite  sand,  seemed  sufficient 
to  warrant  a  more  careful  investigation  of  the  methods  now  exist- 
ing for  its  determination,  and  it  was  with  this  object  in  view  that 
the  following  work  was  undertaken. 

By  thorium,  is  meant  the  element  as  it  was  generally  understood 
before  the  more  recent  researches  of  Brauner  and  Baskerville, 
which  point  quite  conclusively  toward  the  isolation  of  a  new 
element  from  what  is  now  generally  called  thorium. 

review  of  methods. 

Among  the  methods  proposed  for  the  separation  and  purifica- 
tion of  thorium,  the  following  may  be  mentioned  as  the  most  im- 
portant. 

Bahr*  was  the  first  to  notice  that  thorium  oxalate  was  soluble  in 
a  hot  concentrated  solution  of  ammonium  oxalate.    Since  that 

*  Read  at  the  meeting  of  the  New  York  Section  of  the  American  Chemical  8odety, 
Jane  6,  190a. 

•  Anm.  Oum.  (Uebie;),  13a,  931  (1864). 
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time  numerous  investigators,  namely,  R.  Bunsen,1  C.  Glaser,! 
Hintz  and  Weber*  and  others,  have  attempted  to  perfect  the  sepa- 
ration and  have  found  that  a  complete  separation  of  thorium  from 
the  other  rare  earths,  in  the  form  of  oxalates,  cannot  be  made  by 
one  extraction  with  a  hot  concentrated  solution  of  ammonium 
oxalate,  but  that  the  operation  has  to  be  repeated  several  times. 

The  separation  of  thorium  from  the  other  rare  earths  by  using 
sodium  thiosulphate  was  first  proposed  by  Chydenius4  and  later 
worked  by  Hermann,5  Drossbach,6  Hintz  and  Weber,7  and  others. 

The  separation  is  based  on  the  fact  that  thorium  is  precipitated 
from  a  neutral  or  slightly  acid  solution,  by  sodium  thiosulphate, 
while  cerium  and  the  other  rare  earths  remain  in  solution. 

As  was  pointed  out  by  Chydenius8  and  also  Glaser,*  the  pre- 
cipitation is  not  complete  in  one  operation,  but  by  reprecipitating 
the  filtrate  with  ammonia,  converting  this  into  the  chloride  and 
reprecipitating  with  sodium  thiosulphate  (repeating  as  long  as  a 
precipitate  is  obtained  with  sodium  thiosulphate),  a  complete 
separation  is  obtained. 

Hintz  and  Weber10  say  the  separation  works  best  in  dilute  solu- 
tions and  in  the  presence  of  two  or  three  drops  of  dilute  hydro- 
chloric acid  and  give  this  method 'preference. 

Cleve11  was  the  first  to  show  that  thorium  could  be  precipitated 
by  hydrogen  peroxide  from  a  sulphate  solution,  and  that  the  pre 
cipitate  had  the  composition  represented  by  the  formula Th40TSO,. 

Boisbaudran1*  also  used  hydrogen  peroxide  as  a  precipitant 
about  the  same  time. 

Wyrouboff  and  Verneuil18  carried  the  investigation  a  little 
farther  and  showed  that  an  analogous  precipitate  of  thorium  could 
be  obtained  from  a  solution  of  the  nitrate  (*.  e.t  Th40TN,0,)  and 

I  PoflW  Ann.,  igg,  380  (1875). 

•  Ztsckr.  anal  CJum.%  36,  213  (1897). 

•  Ibia\.  36,  37  (1897). 
4  PogK*  Ann.,  119, 46. 

•  /•  prakt.  Cfum  ,  93, 106. 

•  Ztschr.  ang*w..Ckem.%  (1901),  p.  655. 

•  Ztschr.  anal.  Chem.%  36,  676  (1897)  ;  Ibtd.,  35,  525. 

•  Loc.  cii. 

•  Chem.  Ztg.t  ao,  6xa  (1896). 
»o  Loc.  at. 

II  BuU.  Soc.  Chim^  43, 33  (1883). 
u  Compt.  rend.,  100,  605. 

» /ttf.,  ia6, 340  (189B). 
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that  it  gave  a  complete  separation  of  thorium  from  the  other  rare 
earths. 

Kosmann1  separated  the  greater  part  of  the  didymium  salt  from 
the  crude  material,  as  sulphate.  Then  he  separated  thorium  from 
cerium,  lanthanum  and  didymium  by  successive  treatment  of  the 
acid  solution  with  hydrogen  peroxide  solution,  an  acid-ammonium 
citrate  solution,  and  ammonia.  A  precipitate  of  aluminum  phos- 
phate and  thorium  hydroxide  was  formed  which  was  afterwards 
separated  by  oxalic  acid. 

Various  other  methods  which  are  well  worth  mentioning  are: 
Urbain2  used  acetylacetonate  of  sodium.  Chavastelon8  separated 
thorium  by  means  of  sodium  sulphite.  Boisbaudran4  precipitated 
thorium,  after  reducing  the  cerium,  with  cuprous  oxide.  Dennis5 
used  potassium  nitride.  Delafontaine6  separated  thorium  from 
zirconium  by  fusion  with  potassium  acid  fluoride  and  leaching 
out  the  double  potassium-zirconium  fluoride  with  hot  water. 
Muthmann  and  Baur7  employed  potassium  chromate.  Kersten8 
based  a  method  upon  the  difference  in  solubility  of  the  oxides  in 
hydrochloric  acid.  Nilson9  precipitated  the  hydrated  sulphate  of 
thorium. 

Undoubtedly  the  best  method  which  has  yet  been  published  for 
the  complete  analysis  of  monazite  is  that  of  Glaser.10 

Benz,11  in  a  recent  article,  makes  a  very  careful  study  of  the 
methods  now  employed  for  the  analysis  of  monazite  (the  ammo- 
nium oxalate,  thiosulphate  and  hydrogen  peroxide  methods)  and 
gives  a  good  comparison  of  their  accuracy. 

He  finds  that  one  digestion  of  the  mixed  oxalates  with  even  a 
large  excess  of  ammonium  oxalate  is  insufficient  to  bring  into 
solution  all  the  thorium ;  on  the  contrary  he  finds  that  only  about 
one-half  the  thorium  is  dissolved,  and  that  after  repeated  diges- 
tions considerable  cerium  is  brought  into  solution. 

I  Chem.  Centrbl.,  (1897),  Part  1,  837. 

*  Bull.  Soc.  Chim.,  13,  347  (1896). 

*  Chem.  Centrlbl.,  1,  876  (1900). 

*  Chem.  News,  30,  201  (1884) ;  also  Comfit,  rend.,  99,  525  (1884). 

*  Am.  Chem.  J. %  16,  79  (1894)  ;  also  This  Journal,  18,  947  (1896). 

*  Chem.  News,  78,  ,230  (1897). 

T  Ber.  d.  chem.  Get.,  33a,  2028  (1900). 

*  Po«g.  An*.%  47,  385  (1839). 

*  Ber.  d.  chem.  Ges.%  (1882).  p.  2531  :  Ibid.,  (1887),  p.  1666. 
m  This  Journal,  18,  789  (1896). 

II  Zlichr.  angew.  Chem.  (1902),  p.  297. 
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With  the  thiosulphate  method  he  gets  very  good  results  after 
three  or  four  precipitations,  and  obtains  the  thoria  almost  without 
a  trace  of  cerium.  This,  however,  has  the  disadvantage  of  being 
extremely  long. 

Hydrogen  peroxide,  as  he  shows,  precipitates  thorium  completely 
from  a  neutral  solution,  or  from  a  solution  very  faintly  acid  with 
nitric  acid.  It  also  separates  thorium  from  cerium  and  lanthanum 
by  one  reprecipitation. 

EXPERIMENTAL. 

VARIOUS  PRECIPITANTS  TRIED. 

As  very  few  weak  organic  acids  have  hitherto  been  employed 
for  the  separation  of  thorium  from  its  associated  rare  earths,  the 
following  were  tried : 

Maleic  Acid. — Aqueous  solutions  of  maleic  acid  with  thorium 
cerium,  lanthanum  and  didymium  give  no  precipitate  hot  or  cold. 
Solutions  of  cerium,  lanthanum  and  didymium  in  50  per  cent,  alco- 
hol, give  nothing  hot  or  cold.  A  solution  of  thorium  in  50  per 
cent,  alcohol,  gives  no  precipitate  in  the  cold,  but  on  heating,  a 
partial  precipitation  results. 

Cinnamic  Acid  produces  at  least  a  partial  precipitation  of 
thorium  from  20  per  cent,  alcoholic  solutions.  The  precipitate 
cannot  be  filtered  (runs  through)  and  for  this  reason  the  complete- 
ness of  the  precipitation  was  not  determined.  Cerium,  lanthanum 
and  didymium  give  nothing  under  the  same  conditions. 

Picric  Acid  and  thorium,  in  alcoholic  solutions,  give  a  partial 
precipitation  of  thorium.  Cerium,  lanthanum  and  didymium  give 
no  precipitate  under  these  conditions. 

Phthalic  Acid  in  aqueous  solution  with  cerium,  lanthanum  and 
didymium  gives  nothing  cold  or  hot.  Thorium,  however,  in 
aqueous  solution  with  phthalic  acid  gives  a  partial  precipitation  on 
heating.  From  alcoholic  solutions  a  heavy  curdy  precipitate  re- 
sults on  heating,  and  is  approximately  half  complete.  Cerium, 
lanthanum  and  didymium  in  alcoholic  solutions  with  phthalic  acid 
give  no  precipitate. 

Fumaric  Acid. — Aqueous  solutions,  hot  or  cold,  give  nothing 
with  cerium,  lanthanum  or  didymium.  Thorium  and  fumaric  acid 
in  aqueous  solutions  give  a  precipitate  in  the  cold,  which  forms 
slowly,   but   on   applying   heat   the   precipitate    forms   rapidly 
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(white,  flocculent)  ,  settles  out  nicely,  and  is  almost  complete. 
From  solution  in  95  per  cent,  alcohol,  fumaric  acid  precipi- 
tates thorium  quantitatively  even  in  the  cold.  Cerium  and 
fumaric  acid  in  95  per  cent,  alcohol  give  no  precipitate  in  the 
cold,  but,  on  heating,  a  small  fraction  of  the  cerium  is  thrown 
down.  Lanthanum  and  didymium  in  95  per  cent,  alcohol  give 
nothing  cold  or  hot.  From  solutions  in  40  per  cent,  alcohol, 
fumaric  acid  gives  a  quantitative  precipitation  of  thorium  on  heat- 
ing; lanthanum  and  didymium  under  the  same  conditions  give 
nothing.  Cerium  in  40  per  cent,  alcohol  gives,  with  fumaric  acid, 
nothing  cold  or  hot,  unless  the  cerium  solution  is  quite  strong, 
when  a  very  small  fraction  is  precipitated. 

Ammonium  Fumarate  precipitates  thorium,  cerium,  lanthanum 
and  didymium  from  aqueous  solutions,  insoluble  in  excess,  soluble 
in  ipineral  acids. 

Among  the  amido  and  amino  compounds  tried  were : 

Urea  gave  nothing. 

Thiourea  gave  nothing. 

Acetatnide  gave  nothing. 

Semicarbazine  gave  nothing. 

Succinimide  gives  no  precipitation  of  cerium,  but  gives  a  partial 
precipitation  or  thorium  from  alcoholic  solutions. 

Diethylamine  precipitates  thorium,  cerium,  lanthanum  and 
didymium. 

THE  QUANTITATIVE  PRECIPITATION  OF  THORIUM  BY  FUMARIC  ACID. 

From  the  experiments  given  on  a  preceding  page  it  was  now 
evident  that  thorium  could  be  precipitated  quantitatively  from 
alcoholic  solutions,  leaving  cerium,  lanthanum  and  didymium  in 
solution.  It  was  desirable  to  know  the  smallest  quantity  of  alcohol 
necessary  to  effect  this  precipitation,  and  still  leave  the  cerium, 
lanthanum  and  didymium  in  solution.  This  strength  was  reached 
when  the  solution  contained  40  per  cent,  of  alcohol. 

The  following  results  will  show  the  completeness  of  the  precipi- 
tation from  the  various  strengths  of  solution : 
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Alcohol. 
Per  cent. 

Volume, 
cc. 

15 

150 

35 

150 

40 

200 

40 

I50 

40 

120 

40 

I20 

40 

IOO 

40 

I20 

40 

200 
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ThOj. 


Pound. 

a  1508 

O.I  551 
O.1962 

O.1561 

O.1 176 

0.2003 

0.1006 

O.I 179 

O.1962 

LANTHANUM 


Taken. 
O.I568 
O.1568 
0.1961 
0.T568 
o.1 176 
0.2007 
0.1004 
O.II76 
O.1961 

[      EROM      CERIUM,     LANTHANUM     AND 
DIDYMIUM. 

The  salts  used  for  the  experiments  were  the  best  nitrates  that 
could  be  purchased,  and  the  thorium  nitrate  was  purified  according 
to  the  method  suggested  by  Wyrouboff  and  Verneuil1  which  is  as 
follows : 

Eighty-three  grams  of  the  nitrate,  corresponding  approximately 
to  39  grams  of  thoria,  were  dissolved  in  8  liters  of  water.  The 
solution  was  divided  equally  in  twelve  beakers  and  precipitated 
with  hydrogen  peroxide  (10  cc.  hydrogen  dioxide  for  every  0.5 
gram  thorium  dioxide).  The  solutions  were  then  heated  to  850 
C.  and  allowed  to  settle.  The  precipitates  were  washed  a  dozen 
times  by  decantation  with  hot  water,  and  then  transferred  to  a 
large  Biichner  funnel,  and  the  washing  continued  until  the  filtrate 
gave  no  precipitate  with  ammonia.  The  precipitate  was  then 
transferred  to  a  large  porcelain  evaporating  dish  and  150  cc.  of 
concentrated  nitric  acid  added;  heat  was  applied  and  the  whole 
went  into  solution  readily.  The  solution  was  evaporated  to  dry- 
ness, taken  up  in  water,  diluted  to  8  liters,  and  the  process  re- 
peated. The  filtrate  from  the  hydrogen  peroxide  precipitation 
was  treated  with  ammonia  and  hydrogen  peroxide,  giving  a  brown 
precipitate  of  cerium  trioxide.  This  precipitate  of  cerium  perox- 
ide was  examined  for  lanthanum  and  didymium,  but  none  could  be 
detected. 

A  stock  solution  was  made  of  this  purified  thorium  nitrate  and 
standardized  very  carefully  by  precipitation  with  oxalic  acid.  This 
was  the  thorium  used  for  the  experiments.  A  cold  saturated 
solution  of  fumaric  acid  in  40  per  cent,  alcohol  (containing  ap- 
proximately 0.1  gram  per  10  cc.)  was  used  as  the  precipitant. 

»  Compt.  rend..  1*6,  4.  34©  (189R). 
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METHOD  OF  ANALYSIS. 


Make  the  solution  of  the  neutral  nitrate  40  per  cent,  alcohol 
(volume  about  150-175  cc.  with  0.1  to  0.2  gram  thorium  dioxide 
and  about  the  same  amount  of  admixed  oxides),  then  add  12  to  15 
cc.  of  fumaric  acid  solution  (about  0.10  gram  per  10  cc.)  for  each 
0.1  gram  thorium  dioxide  and  heat  to  boiling  (750  to  8o°  C.)  ; 
allow  to  stand  a  few  minutes  until  the  precipitate  settles,  then 
filter  (while  still  hot)  through  a  long  stem  funnel,  or  by  suction. 
Wash  the  precipitate  four  or  five  times  with  hot  40  per  cent,  alco- 
hol, then  put  paper  and  precipitate  into  a  platinum  crucible,  ignite, 
and  weigh  as  thorium  dioxide.  A  number  of  analyses  were  made 
in  this  way  using  mixtures  of  thorium  with  cerium,  lanthanum 
anti  didymium  and  it  was  found  that  the  thorium  invariably  car- 
ried with  it  an  appreciable  quantity  of  the  impurity  which  could 
not  be  washed  out,  nor  could  it  be  prevented  by  the  addition  of 
such  salts  as  ammonium  chloride,  ammonium  nitrate,  etc. 

A  few  results  will  show  the  extent  to  which  these  impurities  are 
carried  down. 


CeO*  I*tOs.  IHfO* 

0.2000        

0.2000        

0.2000        

0.2000        

- .  • . .  0.2000        

0.2000        


0.2000 
0.2000 
0.2000 
0*2000 


Fumaric 

add. 

cc. 

Volume, 
cc. 

Tl 

iOj. 

Taken. 

Pound. 

25 

150 

O.1725 

O.1730 

25 

150 

O.I96 I 

O.I982 

25 

150 

O.1921 

O.194 I 

25 

I50 

0.1961 

O.1990 

25 

150 

O.I882 

O.I907 

25 

150 

O.196 I 

Q.I978 

25 

150 

O.196 I 

O.1992 

25 

150 

O.I961 

O.1972 

25 

150 

O.1882 

O.I901 

25 

I50 

O.1961 

O.I979 

Reprecipitation  was  next  tried,  and  gave  very  satisfactory  re- 
sults. For  this  reprecipitation  it  is  only  necessary  to  dissolve  th.e 
precipitate  of  thorium  fumarate  (formed  by  the  first  precipitation) 
off  the  filter  in  hot  dilute  hydrochloric  acid— or  better,  place  the 
paper  and  precipitate  back  into  the  beaker,  add  a  little  dilute  hy- 
drochloric acid,  heat,  then  filter  off  the  paper — and  evaporate  to 
dryness  on  a  water-bath.  During  the  process  of  this  evaporation 
some  of  the  salt  adheres  to  the  sides  of  the  beaker,  but  this  is  easily 
obviated  by  shaking  the  beaker  occasionally  and  washing  down 
with  a  few  drops  of  water  from  a  wash-bottle. 
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When  the  residue  is  free  from  acid  (better  add  a  few  cubic' 
centimeters  of  water  and  evaporate  a  second  time),  add  about  50 
cc.  water  (leaving  the  beaker  on  the  water-bath)  and  stir  the  resi- 
due loose  from  the  bottom  with  a  rubber-capped  stirring  rod; 
some  carbonaceous  matter  from  the  fumaric  acid,  partly  decom- 
posed, and  also  some  fumaric  acid  and  a  trace  of  thorium  fumarate 
will  remain  insoluble  at  this  point,  but  need  not  be  regarded.  Add 
alcohol  sufficient  to  make  the  solution  40  per  cent.,  dilute  to  the 
proper  volume  wth  40  per  cent,  alcohol,  add  a  little  fumaric  acid 
(8  to  10  cc.)  and  precipitate  as  before;  wash,  ignite  and  weigh. 

Hydrochloric  acid  was  used  instead  of  nitric  for  the  solution  of 
the  thorium  fumarate,  for  the  reason  that  nitric  acid  formed,  on 
evaporation,  a  deposit  which  was  practically  insoluble  in  water. 

The  following  results  will  show  the  accuracy  of  the  separation: 


CeO|.            I*«0,.           DifOs. 
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25 
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Mixtures  of  thorium,  cerium,  lanthanum  and  didymium  were 
then  made  in  the  proportions  in  which  they  are  usually  found  in 
monazite  sand,  and  analyzed  the  same  as  above  with  these  results: 


l+P* 
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15 
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Mixtures  containing  equal  amounts  of  thorium,  cerium,  lan- 
thanum and  didymium,  and  mixtures  containing  thorium  in  excess 
were  then  analyzed  as  follows : 
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x**o». 
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EFFECT  OP  SALTS  WITH  ACETIC  RADICALS  ON  THE  PRECIPITATION  OP 

THORIUM  BY  PUMARIC  ACID. 

A  very  peculiar  effect  is  noticed  when  an  acetate  is  added  to  a 
solution  of  the  rare  earths  (cerium,  lanthanum,  didymium,  etc.), 
which  has  already  had  added  to  it  some  fumaric  acid.  The  results 
are  these : 

Take  a  solution  of  cerium  (lanthanum  or  didymium)  in  40  per 
•cent,  alcohol  and  add  to  it  a  solution  of  fumaric  acid ;  nothing  re- 
sults. If  now,  one  or  two  drops  of  ammonium  acetate  is  added  to 
this  mixture  of  cerium  and  fumaric  acid,  the  cerium  is  precipitated 
completely.  Then  if  to  this  solution  containing  the  precipitate  an 
•excess  of  ammonium  acetate  is  added,  the  whole  redissolves  and 
leaves  a  clear  solution.  Cerium  (lanthanum  or  didymium)  is  not 
-precipitated  by  ammonium  acetate  alone.  Ammonium  fumarate 
precipitates  cerium  (lanthanum  or  didymium)  insoluble  in  excess 
•of  precipitant.  Add  to  cerium  (lanthanum  or  didymium)  dissolved 
in  40  per  cent,  alcohol,  fumaric  acid,  and  then  one  or  two  drops  of 
acetic  acid,  and  nothing  results ;  but  then  by  adding  to  this  one  or 
two  drops  of  ammonium  acetate,  the  cerium  is  thrown  down  quan- 
titatively as  before.  Thorium  differs  from  cerium,  lanthanum  and 
didymium  in  that  the  precipitate  formed  by  fumaric  acid  is  only 
-partially  soluble  in  an  excess  of  ammonium  acetate.  Sodium 
acetate  has  the  same  effect  as  ammonium  acetate. 

The  exact  reaction  in  the  above  experiments  has  not  yet  been 
studied,  but  it  is  quite  evident  that  salts  of  acetic  acid  must  be 
avoided  in  the  separation  of  thorium  from  cerium,  lanthanum  and 
didymium  by  fumaric  acid. 

THE  EFFECT  OF  OTHER  METALS  ON  THE  SEPARATION. 

It  was  verv  desirable  to  know  the  effect  of  other  metals  on  the 
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precipitation  of  thorium  by  f umaric  acid,  so  all  the  metals  available 
were  tried.  The  solutions  in  all  cases  (where  such  solutions  could 
be  obtained)  were  made  in  40  per  cent,  alcohol  and  the  f umaric 
acid  added.    The  following  salts  were  tried : 

CuS04;  AgNO,;  AuCl,  (acid);  MgCl2;  CaCl,;  S^NO,), 
Bad,-;  ZnS04 ;  CdCl, ;  Hg,(NOs), ;  Hg(NO,)2 ;  HgCl, ;  H,B04 
Na2B407;  A1,C16 ;  SnCl4  (acid);  SnCl,  (acid);  Pb(N08), 
MnCl,;  Na,HP04;  As2Os  (slightly  sol.);  Sb  (tartar  emetic) 
Bi(NOs),  (slightly  sol.);  U02(C2H,02)2 ;  VOC1, ;  Na,W04; 
Fe2Clft ;  FeS04 ;  CoCl, ;  NiCl2 ;  H2PtCl6. 

Of  the  above-named  salts,  AgNOs,  Hg2(N03)2,  and  Hg(NOs)i 
were  the  only  ones  which  gave  any  precipitation.  The  precipita- 
tion of  mercurous  nitrate  appears  quantitative  as  well  as  the  pre- 
cipitation of  mercuric  nitrate,  while  mercuric  chloride  gives  no 
precipitate  whatever.  The  precipitation  of  silver  nitrate  is  only  a 
partial  one. 

Among  the  rare  earths  obtainable  were  yttrium,  samarium, 
gadolinium,  erbium  and  zirconium,  which,  dissolved  in  40  per  cent, 
alcohol,  gave  with  fumaric  acid : 

Yttrium  gives  no  precipitate  cold  or  hot.  Samarium  gives  no 
precipitate  cold  or  hot.  Gadolinium  gives  no  precipitate  cold  or 
hot.  Erbium  gives  a  very  slight  precipitate  in  the  cold,  which 
seems  to  increase  somewhat  on  heating.  Only  a  very  small  frac- 
tion, however,  is  thrown  down.  Zirconium  gives  a  quantitative 
precipitation  on  heating. 

THE  COMPOSITION  OF  THE  PRECIPITATE  FORMED  BY  THORIUM  AND 

FUMARIC  ACID. 

To  determine  the  composition  of  the  thorium  fumarate,  a 
quantity  of  pure  salt  was  prepared  by  precipitating  the  purified 
thorium  solution  with  fumaric  acid,  washing  very  thoroughly  with 
40  per  cent,  alcohol  and  drying.  The  salt  was  first  dried  at  1050 
C.  in  an  air-bath,  and  then  to  determine  the  point  at  which  the  salt 
was  decomposed,  the  temperature  was  gradually  raised,  causing  a 
gradual  loss  in  weight  until  at  202  °  to  205  °  C.  it  became  practically 
constant  and  no  indications  of  decomposition  were  evident  even  at 
2450  to  2470  C.  This  dried  salt,  however,  reabsorbed  moisture  to 
a  considerable  extent  when  exposed  to  the  air. 

In  order  to  obtain  concordant  results,  the  water  was  first  driven 
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off  at  1050  C,  collected,  and  weighed  as  atmospheric  moisture. 
For  this  purpose  a  large  tin  can,  provided  with  a  thermometer, 
was  placed  upon  the  combustion  furnace,  and  the  tube  passed 
through  in  the  reverse  position.  Air  was  passed  through  the  tube 
and  the  temperature  maintained  at  1050  for  four  hours;  the 
absorption  tube  was  weighed,  the  can  removed  and  the  combustion 
made  in  a  current  of  oxygen.  The  water  obtained  in  this  was 
calculated  as  water  of  composition.  The  residue  left  in  the  boat 
should  be  thoria,  and  was  weighed  as  such. 

A  number  of  combustions  made  in  the  above  manner  gave  no 
constant  results  for  hydrogen,  while  the  thorium-carbon  ratio  was 
practically  1 :4  as  is  seen  from  these  results : 

ThOf.  COf  Ratio. 

I O.1319  O.0883  1:4.01 

II 0.1606  O.I086  1:4-05 

The  above  ratios  were  calculated  from  the  thoria  just  after  re- 
moval from  the -furnace.  After  the  combustion  had  been  com- 
pleted and  the  boat  (containing  the  thoria)  weighed,  it  was  placed 
in  a  platinum  tube  and  heated  with  a  blast-lamp  for  ten  or  fifteen 
minutes.  White  fumes  were  given  off,  and  the  thoria  decreased 
in  weight  to  the  extent  of  several  milligrams.  These  fumes  do  not 
condense,  but  if  made  to  pass  through  alcohol  they  are  partially 
absorbed,  and  from  this  solution  a  very  slight  precipitate  can  be 
thrown  down  with  ammonia.    The  losses  were : 

0.1606  gram  thoria  lost  on  ignition  0.0039  gram. 

0.1147  gram  thoria  lost  on  ignition  0.0036  gram. 

0.1403  gram  thoria  lost  on  ignition  0.0053  gram. 

0.1641  gram  thoria  lost  on  ignition  0.0054  gram. 

Being  under  the  impression  that  this  loss  was  incurred  by  the 
coprecipitation  (by  fumaric  acid)  with  thorium,  of  some  com- 
pound, which  on  ignition  with  the  blast  yielded  a  volatile  oxide,  it 
was  thought  advisable  to  prepare  a  quantity  of  thorium  fumarate 
from  thorium  which  had  been  precipitated  with  fumaric  acid  and 
thoroughly  ignited.  This  was  done  in  the  following  way :  The 
pure  thorium  solution  was  precipitated  in  the  usual  way  with 
fumaric  acid,  and  ignited  for  a  period  of  one  and  one-half  hours  in 
the  strongest  heat  that  could  be  obtained  from  a  blast-lamp.  The 
thoria  was  again  brought  back  into  solution  after  many  evapora- 
tions with  concentrated  sulphuric  acid,  precipitated  with  ammonia, 
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filtered,  redissolved  in  nitric  acid,  evaporated  to  dryness,  taken  up 
in  water  and  reprecipitated  with  fumaric  acid,  thoroughly  washed, 
and  dried. 

Combustions  were  then  made  on  this  compound  as  before : 

ThOf.  COf  Ratio.  I/m  on  ignition. 

I O.1870  O.1270  1:407  0.0066 

II O.2434  O.OO73 

The  same  white  fumes  were  driven  off  on  ignition  with  the  blast, 
causing  a  corresponding  decrease  in  the  weight  of  thoria  left  after 
combustion. 

To  learn  whether  the  white  fumes  were  a  carbon-containing 
compound  cm*  not,  the  platinum  tube  was  connected  to  the  combus- 
tion furnace  and  then  heated  with  a  blast.  No  increase  in  weight 
was  obtained  in  the  soda-lime  tube,  showing  the  absence  of  carbon, 
but  an  increase,  slightly  greater  than  the  loss  in  weight  of  thoria, 
was  found  in  the  water-absorption  tube  (pumice  and  sulphuric 
acid). 

To  find  out  whether  the  fumaric  acid  employed  was  pure  and 
free  from  any  non-volatile  substance,  several  portions  were 
burned  at  a  gentle  heat  in  a  Bunsen  flame ;  no  residue  was  left.  A 
combustion  of  the  acid  was  also  made  giving : 


H 
C 


Calculated. 

Pound. 

3-44 

342 

41.38 

4I-302 

The  fumaric  acid  was  pure,  and  the  white  fumes  obtained  by 
the  ignition  of  the  thorium  fumarate  are  as  yet  unaccounted  for. 
These  white  fumes,  however,  will  be  made  the  subject  of  a 
separate  investigation.  The  only  conclusion  to  be  drawn  from  the 
above  work  is  that  the  thorium  and  fumaric  acid  react  molecule 
for  molecule.  It  is  not  supposed  that  the  unsaturated  valenc&s  in 
the  fumaric  acid  play  any  part  in  the  reaction,  but  rather  that 
fumaric  acid  is  of  just  the  ptoper  strength  to  throw  out  the  very 
feebly  basic  thorium. 

MONAZITE  ANALYSES. 

To  test  the  application  of  the  fumaric  acid  to  the  analysis  of 
monazite  sand,  three  samples  were  procured:  two  Brazil  sands, 
and  one  from  North  Carolina,1  and  to  check  the  results  obtained, 

>  It  was  through  the  kindness  of  Professor  Baskerville  that  we  secured  this  sample  of 
North  Carolina  sand. 
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two  of  the  best  known  methods,  the  thiosulphate  and  ammonium 
oxalate  separations,  together  with  a  third, — a  combination  of  the 
thiosulphate  and  oxalate — were  employed. 

A  description  of  the  methods  used  is  as  follows : 

Ammonium  Oxalate  Separation. — About  i  gram  of  the  sand, 
ground  to  an  impalpable  powder,  was  weighed  out  into  a  platinum 
vessel,  covered  over  with  15  to  20  cc.  concentrated  sulphuric 
acid,  and  evaporated  on  an  asbestos  board  until  fumes  were  no 
longer  driven  off.  More  sulphuric  acid  was  added,  and  this  re- 
peated several  times  until  the  conversion  of  the  phosphates  into 
sulphates  was  complete. 

This  mass  was  then  projected  in  very  small  quantities  into  about 
700  cc.  water  at  o°  C.  with  constant  agitation  (the  temperature 
was  not  allowed  to  rise  above  2°  C).  This  was  allowed  to  stand 
several  hours  with  frequent  stirring,  was  filtered  and  washed.1 
The  filtrate  was  then  nearly  neutralized  with  dilute  ammonia 
( 1  .-20)  and  50  cc.  of  a  cold  saturated  solution  of  oxalic  acid  added 
(for  each  gram  of  ore  taken),  stirred  well,  and 'allowed  to  stand 
After  the  heavy  white  precipitate  had  settled  completely,  the  solu- 
tion was  filtered,  washed,  and  the  precipitate  washed  into  a  400  cc. 
beaker,  using  a  cold  saturated  solution  of  ammonium  oxalate  for 
the  purpose.  After  making  the  volume  of  ammonium  oxalate 
equal  to  about  50  cc.  the  beaker  was  placed  on  a  water-bath,  cov- 
ered with  a  watch-glass,  aAd  digested  for  one  and  one-half  hours 
with  occasional  stirring.  This  was  then  diluted  to  300  cc.  and 
allowed  to  stand  over  night,  filtered  (filtrate  A),  and  washed.  The 
residue  was  again  subjected  to  the  treatment  with  ammonium 
oxalate,  etc.,  etc.,  and  filtered  (filtrate  B). 

Filtrates  A  and  B  were  combined  and  precipitated  by  a  large 
excess  of  ammonia,  heated  to  boiling,  filtered,  and  the  thorium 
hydroxide  dissolved  off  the  filter  in  hot  dilute  nitric  acid ;  evapo- 
rated to  dryness,  the  residue  taken  up  in  water  and  precipitated 
with  oxalic  acid.  This  precipitate  of  thorium  oxalate,  which  still 
contained  some  impurity,  was  again  treated  with  ammonium 
oxalate  as  before  (one  treatment),  precipitated  with  an  excess  of 
ammonia,  converted  into  the  oxalate,  ignited  and  weighed  as 
thorium  dioxide. 

1  Preliminary  experiments  showed  that  no  metals  precipitable  by  hydrogen  sulphide 
present,  so  this  part  of  the  process  was  omitted. 
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Thiosulphate  Method. — The  mineral  was  decomposed  and 
brought  into  solution  as  before,  and  precipitated  with  oxalic  acid. 
The  precipitate  of  oxalates  was  washed  into  a  beaker  and  treated 
with  a  strong  solution  of  caustic  potash  (about  25  cc.)  ;  heated  to 
boiling  (this  converts  the  oxalates  into  hydroxides  which  are  then 
quite  soluble  in  acids),  diluted,  and  filtered;  washed  thoroughly 
and  dissolved  off  the  filter  in  hot  dilute  hydrochloric  acid  (1:1); 
evaporated  to  dryness  to  free  from  acid,  taken  up  in  75  to  100  cc 
water  and  15  cc.  of  a  saturated  solution  of  sodium  thiosulphate 
added,  and  heated  to  boiling  (this  precipitates  nearly  all  the 
thorium  together  with  a  trace  of  impurity  and  considerable  sul- 
phur) ;  filtered  (precipitate  A),  and  the  filter  set  aside  for  subse- 
quent filtration.  The  filtrate  was  precipitated  by  an  excess  of 
ammonia,  filtered,  washed,  dissolved  in  hydrochloric  acid,  evapo- 
rated to  dryness,  taken  up  in  water  and  reprecipitated  with  thio- 
sulphate as  before.  This  was  filtered  through  the  paper  contain- 
ing precipitate  A.  The  precipitation  with  thiosulphate  was  re- 
peated, in  the  successive  filtrates,  as  long  as  a  precipitate  was  ob- 
tained (usually  a  third  precipitation  extracts  the  thorium  com- 
pletely). 

'ihe  combined  precipitates  of  thorium  thiosulphate  were,  washed 
completely,  then  dried  and  ignited.  The  ignited  mass  was  fused 
several  times  with  potassium  bisulphate,  taken  up  in  water  and  a 
few  drops  of  hydrochloric  acid,  and  precipitated  with  oxalic  acid. 
These  oxalates  were  converted  into  the  hydroxides  as  before,  dis- 
solved in  hydrochloric  acid,  evaporated  to  dryness,  taken  up  in 
water  and  reprecipitated  with  sodium  thiosulphate;  filtered, 
washed,  dried  and  ignited.  This  was  again  fused  with  bisulphate, 
dissolved  in  water  and  a  few  drops  of  hydrochloric  acid,  and  pre- 
cipitated with  oxalic  acid ;  filtered,  washed,  ignited  and  weighed. 

It  was  necessary  to  fuse  thethoria  several  times  with  bisulphate 
to  get  it  all  into  solution. 

Combination  Method. — Inasmuch  as  the  methods  just  described 
are  very  lengthy  and  involve  very  troublesome  processes,  such  as 
the  repeated  digestion  of  a  large  bulk  of  oxalates  with  ammonium 
oxalate  or  the  repeated  fusions  necessary  in  the  thiosulphate 
method,  it  was  found  very  convenient  to  make  a  combination  of 
the  two.  Another  point,  well  worth  mentioning,  and  shortening 
the  process  greatly,  is  the  conversion  of  the  thorium  thiosulphate 
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back  into  the  nitrate  without  ignition  and  repeated  fusions.  This 
is  very  easily  and  quickly  done  by  washing  the  precipitate  of 
thorium  thiosulphate  into  a  beaker  with  water,  adding  20  to  25  cc. 
of  a  strong  solution  of  caustic  potash  and  heating  to  boiling.  The 
thorium  is  converted  completely  into  the  hydroxide,  while  at  the 
same  time  any  free  sulphur  is  dissolved  by  the  caustic  potash.  The 
mass  then  is  simply  brought  to  boiling,  diluted,  filtered,  washed, 
and  dissolved  off  the  filter  in  dilute  nitric  acid. 

A$  has  been  noticed,  the  same  reagent  (caustic  potash)  serves 
for  the  conversion  of  the  oxalates  into  hydroxides  which  are  then 
easily  converted  into  the  nitrates. 
The  combination  method  is  as  follows : 

Decompose  the  mineral  as  usual  and  precipitate  the  rare  earths 
as  oxalates ;  filter,  and  wash  the  oxalates  into  a  beaker ;  add  20  to 
25  cc.  of  a  strong  solution  of  caustic  potash  and  heat  to  boiling; 
dilute,  filter  and  wash.    Dissolve  the  hydroxides  off  the  filter  with 
hot  dilute  hydrochloric  acid  (1:1)  and  evaporate  to  dryness  on  a 
water-bath.    Take  up  with  water  and  add  25  to  30  cc.  of  a  satu- 
rated solution  of  sodium  thiosulphate;  heat  to  boiling,  filter  and 
wash  (precipitate  A)  and  set  the  filter  aside  for  subsequent  filtra- 
tion.    Precipitate  the  filtrate  with  an  excess  of  ammonia,  filter, 
wash,  dissolve  off  the  filter  with  hot  dilute  hydrochloric  acid  and 
evaporate  to  dryness.    Take  up  with  water  and  reprecipitate  with 
thiosulphate  as  before.    Filter  this  precipitate  through  the  paper 
containing  precipitate  A.    Wash,  then  wash  into  a  beaker  and  add 
20  to  25  cc.  of  a  strong  solution  of  caustic  potash  and  heat  to  boil- 
ing.    Dilute,  filter  and  wash.    Then  dissolve  off  the  filter  in  warm 
dilute  nitric  acid  and  evaporate  to  dryness.     Redissolve  in  water 
and  precipitate  with  oxalic  acid;  filter,  wash,  and  rinse  into  a 
beaker  using  a  cold  saturated  solution  of  ammonium  oxalate  for 
the  purpose  (about  100  cc.)1     Digest  this  on  a  water-bath  for  one 
and  one-half  hours  (covered  with  a  watch-glass),  dilute  to  300  cc. 
and  allow  to  stand  over  night.     (The  undissolved  residue  of 
cerium,  lanthanum,  didymium,  etc.,  is  so  slight  that  it  need  not  be 
ie-tteated.)     Filter  and  precipitate  the  thorium  from  the  filtrate 
with  a  large  excess  of  ammonia.     Filter,  dissolve  in  dilute  nitric 
acid,  evaporate  to  dryness,  take  up  in  water  and  precipitate  the 

>  By  this  process  the  oxalate  to  be  digested  with  ammonium  oxalate  is  almost  pure 
thorium  oxalate  and  goes  into  solution  very  easily.  Usually  only  the  faintest  residue  of 
imparities  remains  after  one  digestion. 
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thorium  from  this  with  oxalic  acid.     Filter,  wash,  ignite  and 
weigh. 

The  above  method  gives  very  satisfactory  results  and  yields  a 
white  oxide  of  thorium. 

Futnaric  Acid  Method. — The  three  methods  just  described  are 
very  long  and  tedious.  In  many  instances  the  solutions  must  be 
allowed  to  stand  over  night,  and  the  precipitations  repeated  several 
times  to  insure  a  complete  separation.  The  minimum  time  re- 
quired to  execute  any  one  of  these  methods  is  from  five  to  six  days. 

The  method  about  to  be  described  has  the  great  advantage  of 
being  extremely  short,  requiring  only  about  one  and  one-half  days 
after  the  decomposition  of  the  mineral,  and  gives  accurate  results. 
The  method  is  as  follows :  Decompose  about  I  gram  of  mineral  as 
before  and  precipitate  the  oxalates ;  wash,  then  rinse  into  a  beaker 
and  add  20  to  25  cc.  of  a  strong  solution  of  caustic  potash ;  heat  to 
boiling,  dilute,  filter  and  wash.  Dissolve  off  the  filter  in  warm 
dilute  nitric  acid  (1:1)  and  evaporate  to  dryness  on  a  water-bath. 
Take  up  in  50  cc.  water,  then  add  alcohol  and  water  in  such  pro- 
portions as  to  make  the  solution  40  per  cent,  alcohol  (dilution  = 
about  200  cc).  Then  add  20  to  25  cc.  of  fumaric  acid  (0.1  gram 
per  10  cc.)  and  heat  to  boiling.  Filter,  while  still  hot,  through  a 
long-stem  funnel  (or  by  suction),  wash  several  times  with  hot  40 
per  cent,  alcohol,  then  return  precipitate  and  paper  to  the  beaker 
and  add  25  to  30  cc.  of  dilute  hydrochloric  acid  (1:1);  heat  to 
boiling,  dilute  a  very  little  (keep  down  the  volume  as  much  as 
possible),  and  filter  off  the  paper.  Wash  the  paper  several  times, 
then  evaporate  to  dryness  on  a  water-bath,  shaking  from  time  to 
time  and  washing  with  a  few  drops  of  water  to  prevent  the  residue 
from  clinging  to  the  sides  of  the  beaker.  Add  about  50  cc.  water 
(while  still  on  the  water-bath)  and  stir  the  residue  loose  from  the 
bottom  with  a  rubber-capped  rod.  (The  carbonaceous  matter 
from  the  partly  decomposed  fumaric  acid,  etc.,  does  not  interfere.) 
Add  alcohol  and  water  to  make  the  solution  40  per  cent,  (dilution 
about  150  cc),  then  add  about  10  cc.  fumaric  acid  and  heat  to 
boiling.  Filter  through  a  long-stem  funnel,  wash  with  hot  40  per 
cent,  alcohol,  ignite  (without  previous  drying)  in  a  platinum 
crucible,  and  weigh  the  thorium  dioxide.  In  this  method  hydrogen 
sulphide  need  not  be  passed  through  the  solution  before  precipita- 
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tion  with  oxalic  acid,  for,  as  has  been  shown  on  a  preceding  page, 
none  of  the  metals  precipitable  by  hydrogen  sulphide  interfere. 

A  comparison  of  the  analyses  of  the  three  samples  of  sand, 
made  by  the  methods  described  is  given  in  the  following  table: 
Results  are  given  in  percentages  of  thoria. 


Methods. 

Fumaric. 

Oxalate. 

Thiosulphate. 

Combination. 

Brazil  (a)  ..../2'41 

1 2.55 

2.77 

2.II 

2.48 

2.03 

•  ■  • 

•  •  • 

(3-95 

•  •  • 

•  •  • 

4.03 

N.  Carolina  •  •  •  i  4.02 

•  •  • 

•  a  • 

3.76 

1*9* 

•  •  • 

•  ■  • 

•  • . 

Brazil  (b) /a'51 

1 2.47 

•  •  • 

•  ■  ■ 

•  •  • 

•  •  • 

2.42 
2.56 

CONCLUSIONS. 

1.  A  saturated  solution  of  fumaric  acid  in  40  per  cent,  alcohol 
precipitates  thorium  completely  from  neutral  solutions,  to  which 
40  per  cent,  of  their  volume  of  alcohol  has  been  added,  while 
under  these  conditions  the  only  other  metals  that  give  precipita- 
tion are  zirconium,  erbium,  silver,  and  mercury. 

2.  This  precipitation  serves  as  an  accurate  and  rapid  separation 
of  thorium  from  the  other  earths  in  monazite,  and  by  its  use  the 
thoria  can  be  determined  in  about  one-third  the  time  required  by 
the  methods  now  in  use  and  with  equal  if  not  greater  accuracy. 

3.  As  the  thorium-carbon  ratio  in  thorium  fumarate  is  1:4, 
thorium  and  fumaric  acid  react  molecule  for  molecule. 

4.  By  the  aid  of  a  blast-lamp,  white  vapors  are  driven  off  from 
the  thoria  left  in  the  boat  after  the  combustion  of  thorium  fumarate 
in  a  stream  of  oxygen  (a  fact  as  yet  not  explained). 

5.  Rare-earth  oxalates  and  thorium  thiosulphate  are  completely 
converted  into  the  hydroxides  by  heating  to  boiling  in  a  strong 
solution  of  potassium  hydroxide,  giving  a  convenient  method  for 
the  conversion  of  those  salts  into  the  nitrates. 

This  investigation  was  carried  out  under  the  direction  of  Profes- 
sor Edmund  H.  Miller  and  I  wish  here  to  express  my  most  sincere 
thanks  to  him  for  his  kind  interest  and  encouragement  in  the 
work,  and  for  the  valuable  assistance  rendered. 

QUAXTITATIVB  I*fcBOaATOaT, 

Hay,  190a. 


ACTION  OF  TELLURIUM  AND  SELENIUM  ON  GOLD  AND 

SILVER  5ALTS. 

By  R.  D.  Hall  and  Victor  I«bnhb&. 

Rectired  June  x6, 190a. 

HISTORICAL. 

That  metallic  tellurium  and  selenium  act  as  reducing  agents 
upon  solutions  of  gold  and  silver  salts  has  been  known  since  the 
early  part  of  the  last  century,  still  their  action  has  not  been  studied 
quantitatively. 

N.  W.  Fischer1  found  that  tellurium  acts  as  a  reducing  agent  on 
salts  of  gold,  silver,  platinum  and  palladium  in  solution,  the  re- 
duction being  incomplete  in  all  cases,  and  that  its  action  on  gold 
solutions  is  the  most  rapid,  the  tellurium  after  a  short  time  be- 
coming coated  with  metallic  gold,  stopping  all  further  action  even 
at  a  high  temperature.  Fischer  states  that  the  action  of  tellurium 
on  silver  nitrate  in  solution  is  slower  than  on  a  gold  solution,  and 
that  the  black  powder  which  remains  is  not  silver  but  a  union  of 
tellurium  and  silver,  each  in  the  lowest  state  of  oxidation.  He 
also  observes  that  selenium  reduces  a  gold  solution  at  a  high 
temperature,  the  action  then  being  the  same  as  that  of  tellurium 
while  silver  and  the  remaining  metals  are  not  reduced. 

Parkham2  found  that  red  selenium  is  blackened  in  a  solution  of 
silver  nitrate,  some  flakes  of  selenious  acid  being  formed  at  the 
same  time;  after  the  latter  has  been  removed  by  sodium  hydroxide 
the  black  powder  which  remains  contains  both  selenium  and  silver 
in  quantity  but  no  unchanged  selenium  is  visible  under  the  micro- 
scope. He  notes  that  tellurium  in  a  silver  nitrate  solution  gives  a 
black  precipitate  which  shows  no  metallic  luster  under  pressure. 
After  digesting  tellurium  for  four  days  with  an  excess  of  a  satu- 
rated silver  nitrate  solution  he  obtained  a  precipitate,  which  ap- 
peared homogeneous  under  the  microscope,  contained  both  tel- 
lurium and  silver  and  no  tellurous  acid,  and  concludes  that  if 
metallic  silver  is  precipitated  by  tellurium  then  under  these  condi- 
tions nearly  all  of  the  tellurium  should  be  in  solution.  He 
analyzed  neither  of  the  precipitates  but  he  found  that  selenium  in 
a  Copper  solution  gives  a  precipitate  which  analyzed  for  Cu,Se 

1  Pogg.  Ann.,  13,  502. 
*  Chem.  Centtbl^  33,  813. 
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and  that  tellurium  in  a  copper  solution  gives,  according  to  condi- 
tions, Cu2Te  or  CuTe,  and  because  of  this  he  concludes  that 
selenium  in  silver  solutions  forms  silver  selenide,  Ag2Se,  and  that 

1 

tellurium  in  silver  solutions  precipitates  Ag2Te,  the  telluride  of 
silver. 

Sendersens1  found  that  selenium  reduces  a  boiling  solution  of 
silver  nitrate,  either  dilute  or  concentrated,  with  the  formation  of 
silver  selenide  and  selenium  dioxide.  When  the  reaction  was 
carried  out  in  a  closed  tube  he  obtained  a  blue  color  which  he 
thought  indicated  the  formation  of  nitrogen  pentoxide.  The 
action  of  tellurium  on  a  silver  nitrate  solution  was  found  to  be 
less  rapid  than  that  of  selenium  at  ioo°  but  similar  to  it ;  also  at 
ordinary  temperatures  both  metals  reduce  silver  nitrate,  the  action 
being  slow  but  complete. 

PROCEDURE. 

The  following  investigation  was  undertaken  to  find  out  whether 
gold  and  silver  are  precipitated  from  solutions  of  their  salts  by 
elementary  tellurium  and  selenium.  Pure  tellurium  and  selenium 
were  used.  They  were  ground  to  a  powder  in  an  agate  mortar 
and  weighed  quantities,  usually  about  0.1  gram,  of  them  kept  in 
contact  with  the  solution  of  gold  or  silver  for  a  definite  length  of 
time  under  definite  conditions.  The  precipitate  obtained  was  col- 
lected on  a  Gooch  filter,  dried  at  ioo°  in  an  air-bath  and  weighed ; 
the  precipitate  was  usually  tested  for  either  metal  that  it  might 
contain  and  in  some  cases  both  the  precipitate  and  the  solution 
were  analyzed.  In  most  cases  solutions  containing  known  quanti- 
ties of  silver  and  gold  were  used,  so  that  all  the  data  necessary  for 
an  analysis  was  the  determination  of  the  amount  of  these  metals 
remaining  in  the  solution. 

TELLURIUM  IN  GOLD  SOLUTIONS. 

In  preliminary  experiments  on  the  reducing  action  of  tellurium 
on  solutions  of  gold  chloride,  considerable  difficulty  was  first  ex- 
perienced in  obtaining  results  consistent  with  the  equation 

3Te  +  4AuCl8  =  3TeCl4  +  4AU, 
since  when  tellurium  is  brought  in  contact  Nwith  a  gold  solution  the 
gold  is  apt  to  deposit  as  a  coating  on  the  tellurium,  protecting  it 

*  Compt.  rmd.,  104,  17s. 
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from  all  further  action,  a  fact  also  noted  by  Fischer.  This  was  in 
part  obviated  by  grinding  the  tellurium  to  an  impalpable  powder 
and  even  when  this  was  done  the  tellurium  was  apt  to  mass  in 
little  balls  which  it  was  necessary  to  crush  with  a  glass  rod  in 
order  to  bring  all  of  the  tellurium  in  contact  with  the  gold  solu- 
tion. That  some  tellurium  not  infrequently  escaped  contact  with 
the  gold  solution  was  shown  by  extracting  the  precipitate  with 
such  solvents  as  sulphur  monochloride  and  nitric  acid.  None 
could  be  dissolved,  showing  that  the  tellurium  present  was  com- 
pletely enclosed  by  the  gold ;  but  when  the  precipitate  was  dis- 
solved in  aqua  regia,  the  nitric  acid  evaporated  off  and  the  tel- 
lurium and  gold  precipitated  with  sulphur  dioxide  and  this  precipi- 
tate either  tested  for  tellurium  by  the  above  solvents  or  by  fusion 
with  potassium  nitrate,  invariably  where  the  weight  of  the  pre- 
cipitate was  below  that  required  by  the  above  equation,  tellurium 
could  be  detected. 

It  is  not  necessary  that  the  gold  chloride  solution  should  contain 
more  gold  than  is  required  by  the  reaction,  for  if  a  large  excess  of 
gold  solution  is  used  the  results  are  the  same,  while  if  an  insuf- 
ficient supply  is  used  it  is  entirely  bleached,  all  of  the  gold  being 
deposited.  The  action  of  tellurium  on  gold  in  solution  is  fairly 
rapid ;  warming  a  few  minutes  will  bring  down  sufficient  gold  to 
color  the  precipitate  a  decided  yellow,  yet  time  is  a  considerable 
factor  in  bringing  about  complete  precipitation,  from  two  to  three 
hours  being  necessary  with  continued  heating,  or  several  days 
at  room  temperatures.  The  only  conditions  to  be  observed,  in 
order  to  obtain  quantitative  precipitation  of  the  gold  by  the 
tellurium,  are  sufficient  time  and  the  direct  contact  of  all  the 
tellurium  with  the  gold  solution. 

Experiment  I. — o.ioio  gram  of  tellurium  gave  0.2125  gram  of 
gold ;  the  theory,  for  total  precipitation  of  the  gold  by  the  tellurium 
according  to  the  equation  given,  requires  0.2091  gram.  The  gold 
solution  used  contained  0.4346  gram  of  gold  and  was  in  contact 
with  the  tellurium  for  three  hours  and  was  boiled  continuously 
during  that  time.  No  test  for  tellurium  could  be  obtained  in  the 
precipitate  either  before  or  after  dissolving  in  aqua  regia. 

Experiment  2. — 0.1099  gram  of  tellurium  gave  0.2257  gram  of 
precipitate;  the  theory  requires  0.2243  gram.    The  gold  solution 
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contained  0.2351  gram  of  gold  and  was  in  contact  with  the 
tellurium  for  six  days  at  room  temperature.  The  precipitate  con- 
tained no  tellurium. 

Experiment  3. — 0.0789  gram  of  tellurium  gave  0.1642  gram  of 
gold;  the  theory  requires  0.1635  gram.  The  precipitate  gave  no 
test  for  tellurium  either  before  or  after  dissolving  in  aqua  regia. 

SELENIUM  IN  GOLD  SOLUTIONS. 

The  selenium  used  was  prepared  from  sublimed  selenium  diox- 
ide by  precipitation  with  sulphur  dioxide  in  the  presence  of  hydro- 
chloric acid.  The  selenium  was  dried,  fused,  and  ground  to  a 
fine  powder.  The  fused  variety  of  selenium  does  not  reduce  a 
solution  of  gold  chloride  at  room  temperature.  One  experiment 
was  made  allowing  the  selenium  to. remain  in  contact  with  the 
gold  solution  for  three  months  at  room  temperature  with  no 
visible  action.  At  the  boiling  temperature  the  action  is  nearly  as 
energetic  as  that  of  tellurium  and  is  analogous  to  it,  being*  ex- 
pressed by  the  reaction 

3Se  -f  4AuCl,  =  3SeCl4  +  4AU. 
The  same  difficulties  were  encountered  with  the  selenium  as  with 
the  tellurium  and  were  overcome  in  the  same  way.  From  six  to 
eight  hours  of  continued  boiling  are  necessary  to  insure  complete 
precipitation,  or  better  from  two  to  three  days  at  a  temperature  of 
from  700  to  8o°. 

Experiment  1. — 0.0712  gram  of  selenium  gave  0.2345  gram  of 
gold,  the  calculated  being  0.2336  gram. 

Experiment  2. — 0.1058  gram  of  selenium  gave  0.3455  gram  of 
precipitate;  the  theory  requires  0.3470  gram.  The  amount  of 
gold  contained  in  the  solution  was  0.4346  gram  and  it  was  in  con- 
tact with  the  selenium  for  three  days  at  a  temperature  of  about 
8o°.  The  precipitate  gave  no  test  for  selenium  after  dissolving 
and  reprecipitating. 

Experiment  3. — 0.1502  gram  of  selenium  in  a  solution  of  gold 
chloride  boiled  for  five  hours  gave  0.4892  gram  of  gold;  the 
amount  required  by  the  theory  is  0.4926  gram ;  the  precipitate  gave 
no  test  for  selenium. 

TELLURIUM  IN  SILVER  SOLUTIONS. 

The  first  salts  used  were  ammoniacal  solutions  of  the  nitrate  and 
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the  chloride  of  silver.  In  both  cases  the  solutions  were  reduced 
by  the  tellurium,  slowly  in  the  cold  and  more  rapidly  if  heated,  yet 
tellurium  digested  with  silver  nitrate  solution  for  a  long  time 
would  not  completely  go  into  solution  leaving  metallic  silver. 
Where  an  ammoniacal  solution  of  silver  nitrate  was  used  the 
weight  of  the  precipitate  and  the  amount  of  silver  in  the  precipi- 
tate, was  in  excess  of  that  required  for  silver  telluride.  The 
amount  of  silver  and  tellurium  as  determined  by  analysis  did  not 
add  up  to  the  total  weight  of  the  precipitate  and  in  several  cases 
small  plates  of  metallic  silver  were  formed.  On  repeating  the 
experiment  with  no  tellurium  present  it  was  found  that  when  silver 
nitrate  stands  in  contact  with  ammonia  for  some  time  or  is  warmed 
with  it  a  deposit  is  formed  which  is  insoluble  in  ammonia.  This 
deposit  is  probably  silver  nitride,  but  when  the  solution  is  boiled  or 
kept  warm  several  days  the  precipitate  contains  plates  of  metallic 
silv<y\  In  subsequent  experiments  the  silver  nitrate  solution  was 
used  without  ammonia  and  the  silver  tellurite  formed  was  removed 
by  washing  the  precipitate  with  ammonia. 

When  silver  chloride  in  ammonia  was  used,  it  was  allowed  to 
stand  in  contact  with  the  tellurium  at  room  temperature  or  only 
slightly  warmed,  an  excess  of  ammonia  always  being  present  to 
keep  the  silver  chloride  in  solution.  When  the  nitrate  was  used  a 
greater  range  of  temperature  was  possible  and  the  solution  was 
either  boiled  continuously  or  kept  at  a  temperature  of  about  8o° 
for  a  long  time.  At  the  end  of  the  experiment  the  precipitate  was 
collected  on  a  Gooch  filter,  washed  several  times  with  ammonia  to 
remove  any  silver  tellurite  and  then  with  water.  In  this  way 
results  were  obtained  which  agree  very  well  with  those  required 
by  the  equation 

4Ag-NO,  +  3Te  =  2Ag2Te  +  Te(NO,)4 
where  the  nitrate  of  silver  is  used,  and 

4AgCl  +  3Te  =  2Ag2Te  +  TeCl4 
where  the  chloride  in  ammonia  was  used.    Either  the  chloride  or 
the  nitrate  of  tellurium  would  be  decomposed  by  water  and  would 
then   react   with   more   silver  nitrate  or  chloride  to   form  the 
tellurite  of  silver. 

Experiment  i. — 0.1099  gram  of  tellurium  gave  0.1848  gram  of 
precipitate ;  the  calculated  amount  of  silver  telluride  was  0.1978 
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gram.    The  solution  contained  0.4320  gram  of  silver  as  the  chlo- 
ride and  was  in  contact  with  the  teHurium  for  eight  days. 

Experiment  ^.—0.1005  gram  of  tellurium  in  a  solution  of  silver 
chloride  containing  0.2160  gram  of  silver  gave  0.1843  gram  of 
precipitate,  that  required  for  silver  telluride  being  0.1809  gram; 
the  time  of  the  experiment  was  ten  days. 

Experiment  3.— 0.0994  gram  of  tellurium  in  a  solution  of  silver 
chloride  containing  1.0800  grams  of  silver  gave  0.1767  gram  of 
precipitate,  the  calculated  for.  silver  telluride  being  0.1789  gram. 
The  time  of  the  experiment  was  three  months,  and  during  that 
time  it  was  kept  in  a  warm  place  and  ammonia  added  occasionally. 
Experiment  4.— 0.1018  gram  of  tellurium  in  a  solution  of  silver 
nitrate  which  contained  2.0601  grams  of  silver  gave  0.1871  gram 
of  precipitate,  that  required  for  silver  telluride  being  0.1841  gram. 
The  silver  remaining  in  the  solution  was  determined  as  the  chlo- 
ride and  found  to  be  1.9404  grams  which  would  make  the  loss  from 
the  solution  or  the  amount  of  silver  in  the  precipitate  as  0.1192 
gram  and  the  amount  of  tellurium  in  the  precipitate  0.0693  gram. 
The  calculated  amount  of  silver  in  0.1871  gram  of  the  telluride  is 
0.1 1 78  gram  and  the  tellurium  0.0693  gram. 

The  low  results  in  the  above  series  of  experiments  can  be 
attributed  in  a  large  measure  to  small  amounts  of  tellurium  which 
were  so  thoroughly  enclosed  in  the  mass  that  they  could  not  be 
brought  to  enter  into  the  reaction. 

An  attempt  was  made  to  prepare  silver  telluride  in  order  to 
study  its  properties  and  compare  it  with  the  precipitate  obtained 
from  the  reduction  of  the  silver  solution  by  tellurium.  An  excess 
of  aluminum  was  fused  with  tellurium  and  hydrogen  telluride 
evolved  from  this  by  treatment  with  dilute  hydrochloric  acid.  The 
hydrogen  telluride  was  passed  into  an  ammoniacal  solution  of 
silver  nitrate  in  an  atmosphere  of  carbon  dioxide  to  prevent  any 
decomposition  of  the  hydrogen  telluride  by  the  oxygen  of  the  air. 
This  gave  a  black  precipitate  which  was  washed  repeatedly  with 
water,  then  dried  in  an  air-bath  at  105  °.  Analysis  showed  the 
substance  to  contain  22.3  per  cent,  tellurium  and  77.3  per  cent,  of 
silver  while  the  theory  for  silver  telluride  requires  37.1  per  cent,  of 
tellurium  and  62.9  per  cent,  of  silver.  The  silver  in  another 
sample,  prepared  in  a  similar  way,  was  determined  by  heating  the 
substance  in  a  boat  in  a  current  of  chlorine  gas;  the  tellurium 
distilling  off  as  the  tetrachloride  and  the  silver  chloride  remaining 
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was  weighed.    The  per  cent,  of  silver  obtained  in  this  way  was 

754. 

The  substance  thus  prepared  fused  without  loss  of  tellurium  as 

was  indicated  by  the  absence  of  fumes,  to  a  porous  mass  which  cut 
with  a  metallic  luster.  It  was  acted  on  by  sulphur  monochloride, 
forming  tellurium  tetrachloride;  it  reduced  a  gold  solution,  de- 
positing metallic  gold,  but  no  action  could  be  observed  with  a 
silver  solution. 

The  action  of  hydrogen  telluride  on  silver  nitrate  may  be  ex- 
plained by  the  decomposition  of  hydrogen  telluride  in  presence  of 
silver  nitrate  into  nascent  hydrogen  and  tellurium  and  these  then 
would  reduce  the  silver  solution,  the  first  causing  metallic  silver 
to  be  deposited  while  the  latter  would  give  rise  to  silver  telluride, 
and  this  would  explain  the  high  percentage  of  silver. 

Silver  tellurite  was  prepared  by  adding  potassium  tellurite 
(obtained  by  fusion  of  equivalent  weights  of  tellurium  dioxide 
and  potassium  carbonate)  to  a  silver  nitrate  solution ;  it  was  dried 
at  105  °  and  as  obtained  was  a  light  yellow  powder,  fairly  perma- 
nent in  the  light.  Analysis  gave  54.95  per  cent,  of  silver,  while 
the  formula  Ag2TeO,  requires  55.17  per  cent.  This  silver  tellurite 
was  reduced  by  heating  it  in  a  porcelain  tube  to  the  highest  tem- 
perature obtainable  in  the  blast-lamp  and  passing  a  current  of  dry 
ammonia  over  it  for  one  hour.  At  the  temperature  used,  tellurium 
alone  would  have  entirely  distilled  from  the  boat.  1.1990  grams 
of  the  silver  tellurite  were  used  and  1.0440  grams  of  residue  ob- 
tained ;  the  weight  required  for  silver  telluride  from  the  amount  of 
tellurite  used  is  1.05 17  grams.  The  compound  obtained  by  the  re- 
duction of  the  tellurite  was  analyzed  by  heating  in  a  current  of 
chlorine.  0.2276  gram  gave  0.1908  gram  of  silver  chloride  or 
62.65  per  cent,  of  silver,  the  calculated  for  silver  telluride  being 
62.97  per  cent.  Another  sample  of  silver  tellurite  was  reduced  in 
carbon  monoxide  under  similar  conditions  and  the  telluride  formed 
was  similar  in  all  respects  to  that  obtained  by  reduction  in  am- 
monia. 

The  silver  telluride  obtained  by  the  reduction  of  silver  tellurite 
had  a  strong  metallic  luster,  did  not  tarnish  readily,  was  harder 
than  tellurium,  was  brittle  but  not  brittle  enough  to  be  ground  to  a 
powder;  it  was  broken  up  as  finely  as  possible  and  treated  with 
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sulphur  monochloride,  gold  chloride  solution  and  silver  nitrate 
solution.  Sulphur  monochloride  acted  on  it  slowly  to  form  tetra- 
chloride; the  gold  solution  was  bleached  and  the  silver  telluride 
became  coated  with  gold.  0.2995  gram  was  boiled  with  a  solution 
of  silver  nitrate  for  eight  days ;  at  the  end  of  that  time  the  solution 
gave  no  test  for  tellurium  while  the  particles  had  lost  none  of 
their  luster,  showing  them  to  be  entirely  unacted  on. 

Brauner1  synthesized  silver  telluride  by  fusion  of  silver  in  a 
current  pi  tellurium.  He  obtained  a  crystalline  mass  of  metallic 
luster  having  approximately  the  composition  Ag,Te. 

In  an  article  on  the  "Naturally  Occurring  Telluride  of  Gold"  by 
one  of  uss  specimens  of  sylvanite,  calaverite,  coloradoite,  kalgoor- 
lite,  and  nagyagite  were  treated  with  a  gold  solution,  and  in 
all  cases  metallic  gold  was  obtained.  Recently  some  excellent 
specimens  of  krennerite,  hessite  and  more  specimens  of  sylvanite 
and  calaverite  were  obtained,  and  as  specimens  of  some  of 
these  minerals  were  not  at  hand  at  the  time  of  the  previous  investi- 
gation their  action  on  solutions  of  gold  chloride  and  silver  nitrate 
was  now  tried.    The  minerals  examined  were : 

One  specimen  calaverite,  Keystone,  Boulder  Co.,  Colo,  (this 
was  one  of  the  original  specimens  of  Genth) . 

One  specimen  calaverite  and  one  of  sylvanite  from  Cripple 
Creek,  Col. 

Three  specimens  hessite  from  Boles,  Siebenburgen,  Hungary. 

One  specimen  hessite  from  Tombstone,  Arizona. 

One  specimen  krennerite,  West  Side  Mine,  Cripple  Creek,  Col. 

One  specimen  krennerite,  Boles,  Siebenburgen,  Hungary. 

All  of  these  minerals  reduced  gold  chloride  solution,  becoming 
coated  yellow  and  where  a  small  quantity  of  solution  was  used 
bleached  it,  agreeing  with  the  previous  results.  The  hessite  was 
without  visible  action  on  the  silver  nitrate  solution  even  when 
boiled  in  it ;  one  specimen  of  krennerite  and  one  of  sylvanite  gave 
a  small  amount  of  black  powder  similar  to  that  obtained  from 
tellurium  in  silver  nitrate  solution.  Hessite  is  telluride  of  silver, 
which  as  we  have  seen  is  without  action  on  silver  solutions,  while 
the  others  contain  both  silver  and  gold  with  the  tellurium,  or  gold 
with  tellurium,  from  which  it  would  seem  that  while  the  combina- 

1  J.  OUm.  Soc.,  $8*  338 
*  Thla  Journal,  94, 355. 
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tion  of  silver  with  tellurium  is  without  action  on  silver  nitrate 
solution  that  of  gold  with  tellurium  reduces  silver  nitrate. 

In  the  same  article  reference  was  made  to  the  action  of  tellurium 
on  silver  nitrate  solution,  and  conclusions  stated  which  in  the  light 
of  the  facts  then  at  hand  seemed  correct.  It  was  stated  that  the 
action  of  tellurium  on  silver  solutions  is  similar  to  that  on  gold 
solutions,  though  not  as  complete,  metallic  silver  being  formed. 
The  results  in  this  later  work  show  that  tellurium  in  silver  solu- 
tions forms  the  telluride  of  silver  and  not  metallic  silver.  The 
error  in  the  former  statements  arose  from  the  use  of  ammonia  in 
the  solution  while  it  was  in  contact  with  the  tellurium ;  it  was  sub- 
sequently found  that  silver  nitrate  solution  standing  for  a  long 
time  with  ammonia,  or  being  heated  with  it,  gives  a  deposit  which 
contains  metallic  silver. 

SELENIUM  IN  SILVER  SOLUTIONS. 

Selenium  reduces  a  solution  of  silver  nitrate  or  of  the  chloride  in 
ammonia,  either  in  the  cold  or  on  heating.  The  action  is  less  rapid 
than  that  of  tellurium  but  similar  to  it,  a  close  approximation  to 
the  selenide  of  silver  being  formed.  Parkham's  statement  that  a 
precipitate  of  selenium  dioxide  is  formed  is  obviously  incorrect  as 
he  used  aqueous  solutions,  and  selenium  dioxide  is  readily  soluble 
in  water.  The  precipitate  that  he  obtained  must  have  been  silver 
selenite.  Sendersen's  experiment  of  heating  the  solution  in  con- 
tact with  the  selenium  in  a  closed  tube  was  repeated ;  no  difference 
could  be  detected  in  the  outcome  of  the  reaction,  and  no  blue 
coloration  was  observed. 

Experiment  i. — 0.1012  gram  of  selenium  in  a  solution  of  silver 
nitrate  for  eight  days  gave  0.2513  gram  of  precipitate,  the  theory 
requiring  0.2497  gram. 

Experiment  2. — 0.1047  gram  of  selenium  in  a  solution  of  silver 
chloride  containing  0.4320  gram  of  silver,  gave  0.2550  gram  of 
precipitate,  the  calculated  for  silver  selenide  being  0.2590  gram. 

Experiment  3. — 0.1012  gram  of  selenium  in  a  solution  of  silver 
nitrate  containing  2.4157  grams  of  silver  gave  0.2468  gram  of  pre- 
cipitate, the  theory  for  silver  selenide  being  0.2497  gram.  After 
the  removal  of  the  precipitate  the  solution  contained  2.2370  grams 
of  silver  which  would  make  the  precipitate  contain  0.1785  gram  of 
silver  and  0.0683  gram  of  selenium,  the  calculated  amounts  for 
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0.2468  gram  of  silver  selenide  being  0.0666  gram  of  selenium  and 
0.1862  gram  of  silver. 

The  precipitate  obtained  in  Experiment  2  was  treated  with  a 
solution  of  gold  chloride  and  reduced  it  nearly  as  well  as  does 
elementary  selenium.  The  fact  that  both  the  telluride  and  the 
selenide  of  silver  reduce  gold  chloride  suggested  an  investigation 
of  the  action  of  the  sulphide  of  silver  on  solutions  of  silver  and 
gold.  Silver  sulphide  was  prepared  by  passing  hydrogen  sulphide 
into  a  solution  of  silver  nitrate  made  alkaline  with  ammonia,  the 
precipitate  washed,  dried  in  an  air-bath  and  then  washed  with 
carbon  bisulphide  to  remove  any  excess  of  sulphur.  A  sample  of 
silver  sulphide  prepared  in  this  way  was  boiled  with  a  solution  of 
silver  nitrate  for  seven  days  and  the  solution  tested  for  sulphur 
without  any  trace  being  found  to  be  present.  The  silver  sulphide 
reduced  gold  chloride  solution  to  metal,  readily  on  warming  but 
only  slightly  in  the  cold. 

CONCLUSIONS. 

Tellurium  reduces  a  gold  chloride  solution  completely  to  metallic 
gold  either  in  the  warm  or  in  the  cold  and  the  only  difficulties  so 
far  as  quantitative  precipitation  is  concerned  are  mechanical  ones. 
The  action  of  tellurium  on  silver  salts  in  solution  is  to  reduce  them 
with  formation  of  the  telluride  of  silver,  which  is  still  a  reducing 
agent  as  it  throws  gold  out  from  solution.  The  behavior  of  the 
product  obtained  is,  in  all  respects,  similar  to  that  of  the  telluride 
of  silver  obtained  by  the  reduction  of  silver  tellurite  and  to  that  of 
the  native  mineral  itself. 

The  action  of  selenium  is  similar  to  that  of  tellurium  but  is  not 
as  energetic.  Selenium  reduces  silver  solutions  in  the  cold,  but 
ha?  no  action  on  gold  solutions  unless  heated  nearly  to  boiling,  the 
action  then  being  fairly  rapid  and  complete.  With  silver  solutions 
selenium  forms  silver  selenide  wnich  resembles  silver  telluride  in 
being  a-  reducing  agent  to  solutions  of  gold  salts,  both  of  them 
being  similar  to  the  sulphide  of  silver  in  this  respect. 

University  of  Wisconsin, 
Madison,  Wis. 


THE  APPLICATION  OF  POLARIflETRY  TO  THE  ESTU1A- 
TION  OP  TARTARIC  ACID  IN  COnriERCIAL  PRODUCTS.1 

By  Edgar  B.  Kbnrick  and  Prank  B.  Kbnrick. 

Received  Juo«  10,  tooa. 

In  comparing  the  optical  rotation  of  the  sugars  with  that  of 
active  substances  generally,  we  meet  with  one  great  point  of  differ- 
ence. While  concentration  and  the  presence  of  foreign  substances 
play  only  a  subordinate  part  in  the  rotation  of  the  former,  so  that 
their  influence  may  usually  be  ignored,  in  the  case  of  other  active 
substances  the  effects  of  these  disturbing  factors  may  be  extremely 
complex.  The  object  of  the  present  research  has  been  to  investi- 
gate the  influence  of  various  commonly  occurring  substances  on 
the  rotation  of  tartaric  acid,  and,  by  taking  these  effects  into 
account,  to  devise  methods  for  the  polarimetric  estimation  of  tar- 
taric acid  in  its  chief  commercial  compounds. 

Tartaric  acid,  in  aqueous  solution,  rotates  the  plane  of  polari- 
zation to  the  right.  Strong  acids  slightly  decrease  this  rotation. 
•  The  rotation  of  the  salts  is,  in  general,  a  little  greater  than  that  of 
the  free  acid,  and,  in  case  of  dilute  solutions,  is  independent  of 
the  nature  of  the  base. 

The  facts,  so  far,  are  in  accordance  with  the  hypothesis  of  elec- 
trolytic dissociation.  There  are,  however,  a  number  of  substances 
which  exert  a  much  greater  effect  on  the  rotation,  and  whose 
action  is  best  explained  on  the  assumption  of  the  forma- 
tion of  complex  molecules.  As  early  as  1837  Biot  observed 
that  borax  increased  the  rotation  of  tartaric  acid,  and  subsequently 
Gernez2  and  others  pointed  out  that  the  acids  of  arsenic,  antimony, 
molybdenum  and  tungsten,  also  the  salts  of  beryllium  and 
uranium,  exercised  a  similar  influence. 

The  present  writers,  besides  confirming  the  observations  of  the 
earlier  experimenters,  have  studied  the  influence  of  a  number  of 
other  elements  on  the  rotation  of  tartaric  acid.  The  following  is  a 
summary  of  the  conclusions  arrived  at,  the  results  given  being  the 
effects  noted,  except  where  otherwise  stated,  in  the  presence  of  ex- 

1  A  preliminary  note  on  this  subject  was  published  in  the  Appendix  to  Bulletin  No. 
65  (p.  157)  of  the  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture.  In  the  present 
paper  fuller  details  are  given,  and  some  slight  changes  have  been  made  in  the  methods  of 
analysis. 

*  Compt.  rtnd^  log,  803  (18S7). 
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cess  of  ammonia.  Where  the  effects  are  described  as  small,  the 
slight  changes  observed  in  the  rotation  were  often  within  the 
limits  of  experimental  error. 

The  Alkali  Metals. — Lithium,  sodium,  potassium  and  caesium 
were  found  to  have  a  small  effect  only  on  the  rotation. 

Copper  and  Silver. — These  metals,  the  former  in  the  presence  of 
potassium  cyanide,  had  practically  no  effect  on  the  rotation. 

The  Alkaline  Earth  Metals. — Although  the  tartrates  in  this 
group  are  nearly  insoluble,  small  quantities  of  the  salts  of  calcium, 
strontium  and  barium  may  be  added  to  an  ammoniacal  solution  of 
tartaric  acid  and  the  solution  polarized  before  the  tartrates  have 
time  to  crystallize  out.  It  was  found  that,  while  calcium  exercised 
an  insignificant  effect  only,  strontium  and  barium  lowered  the  ro- 
tation. 

Magnesium.  Zinc  and  Cadmium. — The  first  two  had  a  small 
effect  only ;  cadmium  increased  the  rotation. 

Boron  and  Aluminum. — Boracic  acid  (in  alkaline  solution) 
lowered  the  rotation;  compounds  of  aluminum  had  the  opposite 
effect. 

Tin  and  Lead. — Both  stannous  and  stannic  salts  increased  the 
rotation ;  lead  diminished  it. 

Arsenic,  Antimony  and  Bismuth. — These  all  lowered  the  rota- 
tion in  the  presence  of  an  excess  of  ammonia.  It  has  long  been 
known  that  a  solution  of  tartar  emetic  has  a  much  higher  rotation 
than  a  solution  containing  the  equivalent  quantity  of  tartaric  acid. 
The  authors  found  that  when  ammonia  is  added  in  excess  to  an 
aqueous  solution  of  tartar  emetic  part  only  of  the  antimony  is  pre- 
cipitated. The  filtrate  then  has  a  lower  rotation  than  an  equiva- 
lent solution  of  ammonium  tartrate.  Similarly,  if  an  ammoniacal 
solution  of  cream  of  tartar  is  shaken  up  with  excess  of  antimony 
oxide,  a  certain  quantity  of  antimony  passes  into  solution.  The 
solution  so  obtained  has  a  lower  rotation  than  the  original  cream 
of -tartar  solution,  its  rotation  corresponding,  in  fact,  to  that  of  the 
filtrate  referred  to  above — provided,  of  course,  the  solutions  of 
cream  of  tartar  and  tartar  emetic  are  made  of  equivalent  strength. 

Manganese. — Manganese  sulphate,  added  to  an  ammoniacal 
solution  of  tartaric  acid  and  made  up  to  volume  with  freshly  boiled 
water,  gives  a  colorless  solution,  and  the  rotation  of  the  tartaric 
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acid  is  practically  unaffected.  But  if  this  mixture  is  exposed  to 
the  air  it  very  quickly  turns  to  a  deep,  reddish  brown,  and  a  con- 
siderable decrease  in  the  rotation  takes  place. 

Iron,  Nickel  and  Cobalt — Iron  and  nickel  compounds  increase 
the  rotation,  while  salts  of  cobalt  have  a  lowering  effect.  Owing 
to  the  fact  that  these  metals  give  deeply  colored  solutions  with 
ammoniacal  tartaric  acid,  only  very  small  quantities  of  the  salts 
can  be  added  to  the  solutions  for  polarization. 

Non-Metallic  Radicals. — The  majority  of  the  common,  acids 
have  little  or  no  effect  on  the  rotation  of  tartaric  acid.  Observa- 
tions were  made  on  the  following:  Chlorides,  bromides,  iodides, 
cyanides,  chlorates,  carbonates,  nitrates,  phosphates,  sulphates, 
acetates,  oxalates,  and  citrates. 

As  in  the  case  of  antimony  and  certain  other  elements,  the 
magnitude  of  the  effect  produced  by  molybdic  acid  was  found  to 
depend  very  largely  on  whether  the  solution  was  acid,  neutral,  or 
alkaline. 

Considering  the  common  occurrence  of  iron  and  aluminum  in 
commercial  products,  it  is  unnecessary  to  emphasize  the  import- 
ance of  a  knowledge  of  the  effects  of  these  metals  in  estimating 
tartaric  acid  by  the  polariscope.  From  the  fact  that  the  alkaline 
tartrates  dissolve  the  hydroxides  of  iron  and  aluminum,  even  in 
the  presence  of  ammonia,  it  might  be  anticipated  that  these  metals 
would  influence  the  optical  activity  of  tartaric  acid  by  the  forma- 
tion of  complex  molecules.  It  was  found  indeed  that  even  the 
comparatively  small  quantities  of  iron  and  aluminum,  such  as 
occur  as  impurities  in  the  superphosphates  employed  in  baking- 
powders,  exerted  sufficient  influence  to  invalidate  determinations 
based  on  direct  measurements  of  the  rotation  of  the  tartaric  acid 
in  the  mixture  (Appendix  27  and  40). 

The  chief  commercial  products  containing  tartaric  acid  as  an 
essential  ingredient  are:  creavi  of  tartar,  cream  of  tartar  "com- 
pounds9', tartar  baking-powders  and  certain  pharmaceutical  salts 
and  mixtures.  The  latter  include  not  only  the  official  preparations 
of  the  different  pharmacopoeias,  but  also  the  proprietary  efferves- 
cing remedies,  etc.  These  different  materials  may  be  conveniently 
classed  into  three  main  groups,  corresponding  to  the  methods  of 
analysis  described  below. 
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Group  L — Tartaric  acid  and  mixtures  containing  tartaric  acid 
and  calcium  tartrate,  but  no  other  optically  active  material,  or  any 
substance,  such  as  iron  or  aluminum,  capable  of  modifying  the 
rotation  of  tartaric  acid  in  ammoniacal  solution.  To  this  class 
belong  Rochelle  salt,  potassium  tartrate,  cream  of  tartar,  and  many 
of  the  effervescing  preparations  of  the  pharmacopoeias. 

Group  II. — Mixtures  containing  both  tartaric  acid  and  sugar. 
Some  of  the  officinal  effervescing  compounds  and  most  of  the 
similar  patent  preparations  fell  into  this  division. 

Group  III. — Mixtures  containing  tartaric  acid  with  one  or  more 
modifying  agents,  or  traces  of  optically  active  substances.  This 
group  comprises  materials  of  which  alum  is  an  ingredient,  mix- 
tures containing  traces  of  iron  or  aluminum,  and  those  of  which 
starch  is  a  constituent.  Consequently  all  tartar  baking-powders 
and  mixtures  of  cream  of  tartar  with  cream  of  tartar  substitutes 
are  included  in  this  group.  For  apart  from  the  fact  that  the  latter 
are  liable  to  contain  iron  and  alumina,  the  authors  found  that  the 
starch  mixed  with  baking-powders1  and  superphosphates  almost 
invariably  contained  traces  of  active  substances  soluble  in  cold 
water  (  Appendix  87-101 ) . 

METHODS  OF  ANALYSIS, 

In  the  following  section,  working  details  of  the  several  methods 
are  given,  corresponding  to  the  classification  indicated  above.  In 
the  Appendix  (109- 112)  examples  of  the  different  methods  will 
be  found. 

Group  I. — The  method  employed  in  the  analysis  of  materials  of 
this  group  is  based  on  the  fact  that  in  the  presence  of  excess  of 
ammonia  the  rotation  of  the  solution  is  proportional  to  the  con- 
centration of  the  tartaric  acid,  and  is  independent  of  the  other 
bases  and  acids  present. 

( 1 )  The  Tartrates  Present  are  Completely  Soluble  in  Dilute 
Ammonia. — A  weighed  quantity  of  the  substance  containing  not 
more  than  2  grams  tartaric  acid  is  placed  in  a  50  cc.  measuring 
flask,  moistened  with  3  or  4  cc.  of  water,  and  concentrated  am- 
monia (sp.  gr.  0.924)  added  in  quantity  sufficient  to  neutralize  all 
acid  that  may  be  present  and  leave  about  2  cc.  in  excess.    The 

1  There  are,  however,  a  few  tartar  baking-powders  on  the  market  which  are  entirely 
free  from  starch.    These  may  be  classed  in  Group  I. 
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actual  amount  of  the  excess  i?  not  of  importance,  but  a  greater 
quantity  than  2  cc.  of  free  ammonia  should  be  avoided.  The  solu- 
tion is  then  made  up  to  50  cc.  with  water,  filtered,  if  necessary, 
through  a  dry  filter,  and  the  rotation  read  in  a  200  mm.  tube. 

The  amount  of  tartaric  acid  (C4HtO€)  in  grams  (y)  in  the 
material  taken  is  given  by  the  formula 

y  =  0.005 19  *, 
where  x  is  the  rotation  in  minutes. 

(2)  The  Mixture  Contains  Insoluble  Calcium  Tartrate. — In 
this  case  proceed  as  follows :  Treat  2  grams  of  the  sample  (or  an 
amount  containing  not  more  than  2  grams  of  tartaric  acid)  in  a 
small  beaker  with  30  cc.  water  and  20  drops  concentrated  hydro- 
chloric acid.  Heat  gently  till  both  the  potassium  and  calcium 
tartrates  have  passed  into  solution,  and  then;  while  still  hot,  add  4 
cc.  concentrated  ammonia  (or  enough  to  produce  an  ammoniacal 
smelling  liquid)  and  about  0.2  gram  sodium  phosphate  dissolved 
in  a  little  water.  Transfer  to  a  50  cc.  measuring  flask,  cool,  make 
up  to  the  mark  with  water,  filter  through  a  dry  filter,  and  polarize 
the  filtrate  in  a  200  mm.  tube.  The  tartaric  acid  is' calculated  by 
the  formula  given  under  (1). 

The  precipitation  of  the  calcium  by  sodium  phosphate  is  not 
absolutely  necessary,  but,  when  this  is  not  done,  in  cases  where  the 
proportion  of  calcium  tartrate  in  the  sample  is  high,  there  is  a 
great  tendency  for  the  calcium  tartrate  to  crystallize  out  from  the 
ammoniacal  solution  before  the  reading  is  made. 

The  tartaric  acid  present  as  bitartrate  of  potash  may  be  de- 
termined by  proceeding  as  in  ( 1 ) ,  the  calcium  tartrate  being  prac- 
tically insoluble  in  cold  ammonia  solution. 

The  tartaric  acid  in  the  calcium  tartrate  may  be  obtained  with 
sufficient  accuracy  for  most  purposes  from  the  difference  between 
the  results  in  (1)  and  (2).  If  more  exact  results  are  required, 
the  residue  insoluble  in  ammonia  in  ( 1 )  may  be  dissolved  in  a  little 
hydrochloric  acid,  and  treated  as  above  with  sodium  phosphate 
and  ammonia. 

It  may  be  noted  that  the  method  given  below  under  Group  III,  is 
applicable  to  this  group  also,  but  in  most  cases  the  course  described 
above  will  be  found  more  simple. 

Group  II. — The  method  of  analysis  for  substances  of  this  group 
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is  essentially  the  same  as  the  one  just  described,  but  takes  into  ac- 
count the  presence  of  sugar  in  the  mixtures.  In  ammoniacal  solu- 
tions containing  both  tartaric  acid  and  sugar,  the  rotation  of  each 
is  unaffected  by  the  presence  of  the  other  (Appendix  45-46),  and 
consequently  the  rotation  of  the  tartaric  acid  may  be  obtained  by 
subtracting  from  the  total  rotation  the  part  due  to  the  sugar.  The 
cane-sugar  may  be  determined  by  Clerget's  method,  but  in  carry- 
ing out  the  process  the  additional  precautions  described  below 
must  be  observed. 

Although  magnesium  sulphate,  even  in  comparatively  large  pro- 
portions, has  but  little  effect  on  the  rotation  of  solutions  of  sugar 
and  of  tartaric  acid  alone,  it  is  a  curious  fact  that  the  rotation  of 
these  two  substances  when  present  together  is  considerably  de- 
creased by  the  addition  of  magnesium  sulphate  (Appendix  22  and 
67).  In  "effervescing  magnesium  sulphate",  and  in  other  mix- 
tures where  magnesia  is  present,  it  is  therefore  necessary  to  pre- 
cipitate the  magnesium  by  means  of  sodium  phosphate  and  am- 
monia before  making  the  polarimetric  readings. 

In  carrying  out  the  inversion  of  cane-sugar,  moreover,  it  must 
be  remembered  that  in  order  to  effect  complete  inversion  in  ten 
minutes,  without  further  decomposing  the  products  of  hydrolysis, 
a  fairly  definite  concentration  of  free  hydrochloric  acid  is  required, 
and  that  when  salts  of  weak  acids  (such  as  citric  and  tartaric)  are 
present,  it  is  only  the  hydrochloric  acid  added  over  and  above  the 
amount  necessary  to  completely  set  free  all  these  weak  acids  that 
is  to  be  considered  capable  of  effecting  the  inversion  in  the  pre- 
scribed time.  The  difficulty  of  finding  the  point  where  hydro- 
chloric acid  is  free  in  the  solution  was  overcome  by  the  use  of 
methyl  violet  as  indicator.  This  indicator  was  found  to  be  quite 
unaffected  by  citric  and  tartaric  acids,  yet  sufficiently  sensitive  to 
hydrochloric  acid  for  the  purpose  in  hand. 

It  is  also  to  be  noted  that  in  some  commercial  samples  the  sugar 
is  already  partly  in  the  inverted  condition.  In  such  cases  the 
reducing  sugar  must  be  determined  by  Fehling's  process,  and  due 
allowance  made  for  it. 

(1)  Magnesium  Absent — An  amount  of  the  sample  containing 
not  more  than  8  grams  of  tartaric  acid  or  5  grams  of  sugar  is  dis- 
solved in  cold  water  and  made  up  to  100  cc.   (Solution  A). 
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Twenty-five  cc.  of  this  solution  are  pipetted  into  a  50  cc.  measuring 
flask  with  a  few  drops  of  methyl  orange  solution  and,  if  alkaline, 
approximately  neutralized  with  concentrated  hydrochloric  acid. 
One  cc.  concentrated  ammonia  (sp.  gr.  0.924)  is  then  put  in,  the 
flask  filled  to  the  mark,  and  the  solution  polarized  in  a  200  mm 
tube  (reading  a). 

To  another  25  cc.  of  Solution  A  a  little  methyl  violet  solution  is 
added,  and  concentrated  hydrochloric  acid  run  in  from  a  burette 
till  the  indicator  turns  pale  green,  the  amount  of  acid  required 
being  noted. 

A  third  25  cc.  portion  of  Solution  A  is  placed  in  a  50  cc.  measur- 
ing flask  (without  methyl  violet,  the  color  of  which  would  inter- 
fere  with  the  polarimetric  readings)  and  a  quantity  of  hydrochloric 
acid  run  in  equal  to  the  amount  required  in  the  last  experiment, 
plus  2.5  cc.  The  flask  and  contents  are  next  heated  to  70 °  C.  for 
ten  minutes,  as  in  the  ordinary  Clerget  process,  and  immediately 
cooled  to  ordinary  temperature.  A  little  methyl  orange  is  then 
added  and  enough  ammonia  to  turn  the  indicator  yellow  and  leave 
about  1  cc.  in  excess.  Finally,  after  making  up  the  volume  to  50 
cc,  and  cooling  to  the  temperature  of  the  room,  the  solution  is 
polarized  in  a  200  mm.  tube  (reading  b). 

The  weight  of  sugar  (*)  in  the  amount  of  the  sample  taken  is 

given  by  the  formula 

2  (a  —  b)  1.254 
g  = — , 

142  —  0.5/ 
where  t  is  the  temperature  and  a  and  b  are  the  readings  expressed 
in  minutes. 

The  rotation  of  z  grams  unin verted  sugar  is  79.72,  and  the  rota- 
tion (x)  of  the  tartaric  acid  is  consequently 

%•=•  2a  —  79-7*, 
from  which  the  tartaric  acid  (y)  is  found  by  the  formula 

37  =  4X0.00519*  (see  1). 
(2)  Magnesium  Present. — A  solution  of  the  substance  is  pre- 
pared as  in  (1)  above  (Solution  A).  Ten  cc.  of  this  solution  are 
placed  in  a  beaker  and  about  25  cc.  of  water  and  4  cc.  of  concen- 
trated ammonia  added.  If  a  precipitate  forms,  enough  ammonium 
chloride  is  added  to  keep  it  in  solution.  The  magnesium  is  then 
precipitated  by  sodium  phosphate.     Since  it  is  desirable  to  keep 
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the  bulk  of  the  solution  as  small  as  possible,  and  to  avoid  unneces- 
sary excess  of  salts  in  solution,  the  required  quantity  of  phosphate 
(about  8  grams  Na,HP04ioH20  to  every  5  grams  MgS047H20) 
should  be  dissolved  in  a  small  volume  of  hot  water  (10  cc  to  8 
grams  phosphate)  and  the  solution  added  gradually  while  hot. 
After  the  precipitate  has  completely  formed  it  is  filtered  off  on 
tlje  filter-pump  and  washed  with  small  quantities  of  water,  care 
being  taken  not  to  bring  the  total  volume  to  more  than  100  cc. 
Even  a  fairly  bulky  precipitate  can  be  sufficiently  washed  in  this 
way. 

The  filtrate  is  now  made  up  to  100  cc.  (Solution  B),  and  part  of 
this  solution  read  at  once  in  the  polarimeter  (reading  c.) 

Twenty-five  cc.  of  Solution  B  are  now  titrated  with  hydrochloric 
acid  and  methyl  violet,  and  another  25  cc  inverted  as  described 
under  (1),  made  up  to  50  cc.  and  polarized  (reading  d). 

The  weight  of  sugar  (s)  in  the  substance  taken  is 

10  (c —  2d)  1.254 

z  = — . 

142  —  0.5/ 

The  rotation  of  the  tartaric  acid  is,  therefore, 

x  =  ioc  —  79-7* 
and  the  weight  of  tartaric  acid, 

y  =  4  X  0.005 19  x. 

The  directions  given  for  this  method  are,  of  course,  subject  to 
slight  modification  depending  on  the  relative  amount  of  magne- 
sium present;  in  some  cases,  for  instance,  more  ammonia  than  6 
cc.  might  be  necessary.  It  may  be  stated,  however,  that  the 
amount  of  free  ammonia  in  the  uninverted  solution  is  not  of  much 
consequence,  but  in  the  inverted  solution  the  excess  should  not  ex- 
ceed 1  cc.  (Appendix  51-66). 

On  account  of  the  bulk  of  the  magnesium  precipitate,  and  be- 
cause large  quantities  of  neutral  salts  affect  the  rotation,  it  is 
necessary  to  work  with  weaker  solutions  when  magnesium  is 
present.  For  this  reason  only  10  cc.  of  Solution  A  are  taken 
in  (2). 

In  the  Appendix  test  analyses  are  given  of  some  effervescing 
mixtures,  as  illustrating  the  methods  used  in  Group  II.  It  may, 
however,  be  pointed  out  here  that  the  results  of  the  analyses  of 
commercial  granulated  effervescing  preparations  do  not  agree  with 
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results  calculated  from  the  formulas  in  the  pharmacopoeias.  This 
is  owing  to  the  fact  that  a  considerable  amount  of  decomposition 
takes  place  in  the  process  of  manufacture.  Hence  tartaric  acid, 
and  all  other  constituents  with  the  exception  of  carbon  dioxide, 
come  out  higher  in  the  analysis  than  in  the  result  calculated  from 
the  formula.  This  consideration  does  not  apply  to  the  test  analyses 
given,  as  in  these  the  whole  of  the  mixture  made  up  was  taken  for 
analysis,  and  no  attempt  was  made  to  imitate  exactly  the  "granu- 
lated" commercial  article. 

Group  III. — Direct  readings  of  rotation  in  ammoniacal  solution 
are  inadmissible  in  analyses  of  the  substances  of  this  group  on 
account  of  the  influence  of  iron  and  aluminum  on  the  rotation  of 
tartaric  acid,  and  owing  to  the  small,  but  unknown,  rotation  of  the 
trace  of  inverted  starch  (Appendix  27, 40, 87-101 ). 

Accurate  determinations  may,  however,  be  made  in  the  presence 
of  excess  of  ammonium  molybdate  in  neutral  solution.  The 
latter  salt  not  only  annuls  the  effect  of  iron  and  aluminum,  but 
also  has  the  property  of  greatly  increasing  the  rotation  of  tartaric 
acid,  so  that  by  its  use  the  small  rotation  of  the  inverted  starch  is 
rendered  insignificant.  It  is  to  be  noted,  however,  that  this  in- 
creased rotation  is  very  sensitive  to  the  presence  of  acid  and  alkali, 
and  is,  moreover,  modified  by  the  presence  of  phosphates.  It 
therefore  becomes  necessary  to  first  remove  the  phosphoric  acid, 
and  then  to  bring  the  solution  to  a  definite  state  of  neutrality. 
These  results  are  attained  by  the  following  procedure,  the  details 
of  which  must  be  strictly  adhered  to. 

Solutions  Required. — The  following  solutions  must  be  prepared, 
but  need  not  be  made  up  very  accurately. 

Molybdate  solution,  44  grains  ammonium  molybdate  in  250  ec. 
Citric  add  solution,  50  grams  citric  add  in  500  cc. 
Magnesium  sulphate  solution,  60  grams  MgS04.7HfO  in  500  cc. 
Ammonia  solution,  165  cc.  ammonia  (sp.  gr.  0.924)  in  500  cc 
Hydrochloric  add,  60  cc.  concentrated  add  in  500  cc. 

An  amount  of  the  sample  containing  not  more  than  0.2  gram 
tartaric  acid,  not  more  than  0.3  gram  alum  and  not  more  than  0.3 
gram  calcium  acid  phosphate  is  weighed  into  a  dry  flask.  To  this, 
10  cc.  citric  acid  and  10  cc.  molybdate  solution  are  added,  and 
allowed  to  react  with  the  substance  for  ten  or  fifteen  minutes, 
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shaking  the  liquid  occasionally.  Next,  5  cc.  magnesium  sulphate 
solution  are  added  and  10  cc.  ammonia  solution  are  stirred  in. 
These  solutions  are  all  measured  exactly,  so  that  the  total  volume 
will  be  35  cc.  If  the  original  substance  is  a  liquid,  room  may  be 
made  for  it  by  taking  a  smaller  volume  of  stronger  ammonia. 
After  a  few  minutes  (not  more  than  an  hour),  the  solution  is 
filtered  through  a  dry  filter,  a  slight  turbidity  of  the  filtrate  being 
disregarded.  To  20  cc.  of  the  filtrate,  measured  into  a  50  cc. 
flask,  are  then  added  a  few  drops  of  methyl  orange,  and  hydro- 
chloric acid  from  a  burette  till  the  pink  color  appears  (two  or 
three  drops  too  much  or  too  little  are  of  no  consequence) .  Finally 
10  cc.  more  molybdate  solution  are  added  to  the  pink  solution, 
which  now  becomes  colorless  or  pale  yellow,  and  water  to  make  up 
the  volume  to  50  cc.  This  solution,  after  filtering  if  necessary,  is 
polarized  in  a  200  mm.  tube. 

The  amount  of  tartaric  acid  in  grams  (y)  in  the  weight  of 
sample  taken  is  given  by  the  following  formula,  in  which  x  is  the 
rotation  in  minutes  (Appendix  105-108). 

y  =  0.00121  x. 

A  word  of  explanation  may  be  given  here  with  regard  to  the 
function  of  the  citric  acid  in  the  above  method.  It  was  found  that 
although  under  ordinary  circumstances  tartaric  acid  entirely  pre- 
vents the  precipitation  of  aluminum  hydroxide  by  ammonia,  this 
is  not  the  case  when  molybdate  is  present,  and,  consequently, 
when  the  ammonia  was  added  to  the  solution  to  precipitate  the 
magnesium  ammonium  phosphate,  the  aluminum  was  simultane- 
ously thrown  down.  This  not  only  produced  a  liquid  which  was 
extremely  difficult  to  filter,  but  the  precipitate  appeared  to  carry 
down  a  considerable  quantity  of  the  tartaric  acid.  The  addition 
of  citric  acid  prevents  the  precipitation  of  the  aluminum  without 
interfering  with  the  formation  of  the  magnesium  phosphate; 
indeed;  this  precipitate  may  be  ignited  and  used  for  the  quantita- 
tive determination  of  the  phosphoric  acid  in  the  sample. 

It  may  also  be  mentioned  in  this  connection  that  the  removal  of 
the  phosphoric  acid  by  means  of  molybdate  in  acid  solution  is  not 
practicable,  for  when  sufficient  acid  is  added  to  effect  this  result, 
the  molybdic  acid  rapidly  oxidizes  the  tartaric  acid  and  is  itself 
converted  into  one  of  the  blue  reduction  products. 
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The  above  methods  cover  most  of  the  cases  that  occur  in  prac- 
tice. Samples  containing  tartar  emetic  cannot,  however,  be 
analyzed  by  these  methods  (without  modification),  and  great  cau- 
tion should  be  exercised  in  extending  any  of  the  methods  de- 
scribed to  .cases  involving  the  presence  of  foreign  substances  not 
taken  into  account  in  this  paper. 

APPENDIX. 

In  this  section  some  of  the  experimental  data  are  recorded.  The 
readings  were  made  mostly  with  a  Schmidt  &  Haenscn  hajf- 
shadow  instrument,  graduated  in  degrees  and  minutes.  A  200  mm. 
tube  was  used  for  the  readings.  The  light  was  supplied  by  a 
flame  in  which  sodium  chlorate  was  heated  on  platinum.  It  was 
found  that  the  readings  for  tartaric  acid  were  practically  inde- 
pendent of  the  temperature,  and,  except  where  otherwise  indi- 
cated, the  observations  were  made  at  room  temperature.  The 
rotations  recorded  in  the  following  tables  are  expressed  in 
minutes.  In  this  section  TH2  stands  for  tartaric  acid;  KHT, 
potassium  bitartrate;  CaT,  calcium  tartrate  tetra-hydrate ;  NH„ 
ammonia  of  sp.gr.  0.924  (11  normal)  ;  HC1,  concentrated  hydro- 
chloric acid,  9.2  normal ;  alum,  crystallized  ammonia  alum. 

The  potassium  bitartrate  and  calcium  tartrate  used  in  these 
experiments  were  specially  prepared  for  this  work,  and  found  by 
analysis  to  be  almost  absolutely  pure. 

The  Effect  of  Various  Substances  on  the  Rotation  of  Tartaric 

Acid  in  Ammoniacal  Solution. 
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g.  ammonium  chloride  in  ioocc.  196 

g.  ammonium  nitrate-  in  100  cc.  194 

g.  ammonium  sulphate  in  100  cc  196 

g.  ammonium  oxalate  in  100  cc.  192 

g.  lithium  chloride  •-  in  100  cc  187 

g.  sodium  chloride  •  •  in  100  cc  194 

g.  sodium  phosphate-  in  100  cc  18S 

g.  sodium  acetate  •  •  •  •  in  100  cc  186 

g.  potassium  chloride  in  100  cc  197 

g.  potassium  bromide  in  100  cc  194 

g.  potassium  iodide*  •  •  in  100  cc  194 


J 
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15 
16 

18 

'9 
20 

21 
22 

23 
24 

25 
26 

27 
28 

29 

30 
31 
32 

33 

34 

35 
36 
37 
38 
39 

40 

41 
42 

43 
44 
45 
46 


4    g.    TH,    8    cc.  NH,  4 


4  g.  TH,  8  cc.  NH,  4 

4  g.  TH,  8  cc.  NH,  4 

4  g.  TH,  8  cc.  NH,  4 

4  g.  TH,  8  cc.  NH,  1 

4  g.  TH,  8  cc.  NH,  4 


g 
g 
g 
g 
g 
g 
g 
g 


TH, 
TH, 
TH, 
TH, 
TH, 


8 
8 
8 
8 
8 


cc.  NH, 
cc.  NH, 
cc.  NH, 
cc.  NH, 
cc.  NH, 


4 
4 
4 

4 

4 

2 

4 
4 


g.  potassium  cyanide,  in 
g.  potassium  chlorate,  in 
g.  potassium  nitrate  •  in 
g.  potassium  sulphate  in 
g.  caesium  sulphate.,  in 
g.  copper  sulphate  -f 

potassium  cyanide in 

g.    TH,    8   cc.  NH,  4     g.  silver  nitrate in 

g.  magnesium  sulphate  in 

g.  zinc  sulphate in 

g.  zinc  acetate in 

g.  cadmium  sulphate,   in 

g.  boracic  acid in 

g.  alum in 

g.  stannic  chloride  ...  in 
g.  stannous    chloride 

in 

g.  lead  acetate in 

g.  sodium  arsenite  ...  in 
g.  sodium  arsenate  •••in 
g.  bismuth  subnitrate  -f- 

6  cc.  hydrochloric  acid in 

4   g.    TH,  28   cc.  NH,  4     g.  bismuth  subnitrate  -f- 

6  cc.  hydrochloric  acid in 

4   g.    TH,    8    cc.  NH,    excess  of  antimony  oxide  in 
8.86  g.  tartar  emetic,  ammonia  in  excess  (filtrate)  -  in 
4   g.    TH,    8    cc.  NH,  4     g.  manganese  sulphate  in 
The  same  exposed  to  the  air  for  a  few  minutes 
4   g.    TH,    8    cc.  NH,  0.1  g.  manganese  sulphate 

after  exposure in 

g.    TH,    8    cc.  NH,  0.02  g.  ferric  chloride  ....  in 

cc.  NH,  0.3  g.  nickel  sulphate....    in 

NH,  o.  1  g.  cobalt  nitrate in 

NH,  4 
NH,  4 


4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 

4 


TH,    8  cc.  NH, 

TH,    8  cc.  NH, 

TH,    8  cc.  NH, 

(precipitate  filtered  off) 

g.    TH,  16  cc.  NH,  2 

g.    TH,    8  cc.  NH,  4 

g.    TH,    8  cc.  NH,  4 

g.    TH,  14  cc.  NH,  4 


4 
4 
4 
4 
4 
4 


g- 
g. 
g- 
g- 
g. 


TH, 
TH, 
TH, 
TH,  16 
TH,    8 


8 
8 
8 


cc. 
cc. 
cc. 

cc.  NH,  4 
8    cc.  NH,  4 


g.  citric  acid in 

g.  citiic  acid in 

g.  cane-sugar in 

g.  cane-sugar in 


100  cc. 
100  cc. 
icocc. 
100  cc. 
100  cc. 

100  cc. 
100  cc. 
100  cc. 
100  cc. 
100  cc. 
100  cc. 
100  cc. 
100  cc. 

ICOCC. 

100  cc. 
100  cc. 
100  cc. 
IOO  cc. 

100  cc. 

IOO  cc. 
IOO  cc. 
IOO  cc. 
IOO  cc. 


IOO  cc. 
ICOCC. 
ICOCC. 
IOO  cc. 
IOO  cc. 
IOO  cc. 
ICOCC. 

ICO  cc. 


Difference  between  (45)  and  (46)  due  to  4  g.  TH, 


Rota- 
tion. 

194 

192 

196 

197 
197 

196 
197 

194 
I94 
I90 
220 

I50 
246 

3<>5 

233 
83 

^  79 
185 

25 

114 

»77 
178 

193 
167 

183 
210 

202 

189 

192 

194 
508 

314 
194 


The  Rei«ation  between  the  Rotation  and  Concentration  of  Tar- 
taric Acid  in  Ammoniacal  Solution. 

(47)  *  g-  TH,  8  cc.  NH, 

(  48)  2  g.  TH,  8  cc.  NH, 

(49)  3  g.  TH,  8  cc.   NH, 

(50)  4  g.  TH,  8  cc.   NH, 


in 

ICOCC. 

48 

in 

100  cc. 

95-5 

in 

IOO  cc. 

145.5 

in 

ICOCC. 

193.5 
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Effect  of  Ammonia  and  Ammonium  Chloridb  on  the  Rotation  op 

Cane-Sugar. 

(51)  8. 17  g.  cane-sugar inioocc    647 

(52)  8.17  g.  cane-sugar    8cc.  NH, . inioocc.   641 

The  Same  in  Mors  Dilute  Solution. 

(55)  3  g.  cane-sugar inioocc  155 

(56)  2  g.  cane-sugar  4CC.  NH, • inioocc.  155 

(57)  2  g.  cane-sugar   8cc  NH, inioocc.  156 

(  5*0    2  g.  cane-sugar  16  cc.  NH, in  100  cc.  161 

Consequently  more  than  4  cc.  free  ammonia  in  100  cc.  should  be  avoided. 
(  59)    2  £•  cane-sugar   4  cc.  NHt  8  g.  ammonium  chloride  in  100  cc    155 

Note  :  8  g.  ammonium  chloride  are  equivalent  to  about  16  cc.  ammonia ; 
hence,  the  ammonium  chloride  has  much  less  influence  than  the  equivalent 
of  ammonia. 

Effect  of  Ammonia  and  Ammonium  Chloride  on  the  Rotation  of 

Inverted  Sugar. 

A  solution  of  16.34  g.  cane-sugar  in  100  cc.  was  inverted  according  to  Cler* 
get's  method,  50  cc.  being  heated  with  5  cc.  concentrated  hydrochloric  acid 
to  700  for  ten  minutes  and  made  up  to  100  cc.  On  adding  ammonia,  the  so- 
lution turned  gradually  a  bright  yellow  color,  but  during  the  change  of  Color 
the  reading  did  not  appear  to  alter.     (Temperature  =  190.) 

(  60)    20  cc.  of  the  solution •    made  up  to  25  cc    1455 

(61)    20  cc.  of  the  solution  2  cc.  NH8 made  up  to  25  cc    147-5 

(  62)    20  cc.  of  the  solution  5  cc.  NH, made  up  to  25  cc    138 

The  Samb  in  Morb  Dilute  Solution.    (Temperature  =  180.) 

(63)  Inverted  sugar  equivalent  to  1.634  g.  cane-sugar,  5  cc.  concen- 

trated hydrochloric  acid  in  100  cc . 40 

(64)  Inverted  sugar  equivalent  to  1.634  g.  cane-sugar,  5  cc.  concen- 

trated hydrochloric  acid,  8  cc.  NH, . . . . 4° 

(  65)    Inverted  sugar  equiralent  to  1.634  g.  cane-sugar,  5  cc.  concen- 
trated hydrochloric  acid,  i6cc.  NH, 37 

(  66)    Inverted  sugar  equivalent  to  1.634  g.  cane-sugar,  5  cc.  concen- 
trated hydrochloric  acid,  6.8  cc.  NH, 39 

Note  :  5  cc.  hydrochloric  acid  are  equivalent  to  about  4  cc.  ammonia  *> 

that  these  experiments  show  that  a  greater  excess  than  2  cc.  in  100  cc  or  1 

cc.  in  50  cc.  should  be  avoided. 

Effect  of  Magnesium  Sulphate  on  the  Rotation  of  Sugar  and 

Tartaric  Acid. 

(67)    A  solution  was  made  up  containing  in  100  cc.  the  following : 

14.4  g.  sodium  bicarbonate,  7.6  g.  tartaric  acid,  5  g.  citric  acid,  and  4.2  g. 

sugar. 
25  cc.  of  this  solution,  2  cc.  ammonia,  1.5  cc.  concentrated  hydrochlo- 
ric acid  made  up  to  50  cc  347 
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-25  cc.  of  this  solution,  2  cc.  ammonia,  1  cc.  hydrochloric  add,  5  g. 

magnesium  sulphate  made  np  to  50  cc 315 

The  same  amount  of  magnesium  sulphate,  with  ammonium  chloride  to 
prevent  precipitation,  has  practically  no  effect  on  sugar  alone. 

Effect  of  Alkali  and  Acid  on  the  Rotation  of  Tartaric  Acid  in 

the  Presence  of  Ammonium  Molybdate. 

i  68)    3g.  TH,3.33CC.  NHs in  100  cc.     145 

(  *9)    3g-  TH,  45  cc.  NH8 in  100  cc.     147 

(70)    3  g.  TH,  3.33  cc.  NHS,  about  4  g.  ammonium  mo- 

lybdate in  100  cc.  1501 

<  71)    3  g.  TH,  45  cc.  NH„  about  4  g.  ammonium  mo 

lybdate in  100  cc.     152 

i  72)    3  g-  TH,  3*33  cc-  NH„  about  4  g.  ammonium  mo- 

lybdate,  about  4  cc.  concentrated  nitric  acid in  100  cc.  11 47 

{73)    3  g-  TH,  3-33  cc.  NH„  about  4  g.  ammonium  mo- 
lybdate, about  12  cc.  concentrated  nitric  acid  . . .  in  100  cc.    445 

<  74)    0.64  g.  KHT  (impure),  0.65  cc.  NHS,  4  g.  ammo- 

nium molybdate,  4  cc.  normal  acetic  acid in  100  cc.    297 

(  75)    <>-64  g-  KHT  (impure),  0.65  cc.  NH„  4  g.  ammo- 
nium molybdate,  20  cc.  normal  acetic  acid in  100  cc.    337 

(76)  0.64  g.  KHT  (impure),  0.65  cc.  NH„  4  g.  ammo- 
nium molybdate,  40  cc.  normal  acetic  acid in  100  cc.    355 

The  Non-Effect  of  Aluminum  and  Iron  Salts,  Phosphoric  Acid, 
and  Sodium  Carbonate  on  the  Rotation  of  Tartaric  Acid 

in  the  Method  of  Group  III. 

In  the  following  experiments  the  mixtures  were  treated  according  to  the 

directions  given  under  Group  III. 

(77)  0.1  g.  KHT 65.5 

(  78)  o.ig.KHT 66.5 

(  79)  o-1  g-  KHT,  0.2  g.  alum 65.5 

(  80)  0.1  g.  KHT,  0.2  g.  alum,  0.2  g.  calcium  acid  phosphate 66.5 

(81)  0.1  g.  KHT,  0.1  g.  sodium  bicarbonate 66.5 

(  82)  Similar  results  were  obtained  using  0.2,  0.05,  and  0.025  g.  of  KHT. 

(  83)     o.2g.KHT 130 

(  84)    0.2  g.  KHT,  0.02  g.  ferrous  sulphate,  0.01  g.  ferric  chloride  • .     130 

The  last  two  are  earlier  experiments  and  were  made  with  solutions  differ- 
ent from  those  described  in  the  paper.  For  this  reason  the  numbers  are 
lower  than  those  given  below  for  0.2  g.  KHT,  but  the  two  readings  show 
that  iron  has  no  influence. 

Experiment  to  Test  the  Solubility  of  Calcium  Tartrate  and  the 

Effect  of  Starch. 

The  following  were  treated  according  to  the  method  III. 

<  85)     0.2  g.  KHT 134 

(  86)     0.1  g.  KHT,  0.138  g.  CaT  (=0.1  g.  KHT),  0.2  g.  alum,  0.3  g. 

phosphate  cream  of  tartar  substitute  containing  starch 133 
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The  Rotation  Due  to  Inverted  Starch  in  Commercial  Cream  of 

Tartar  Substitutes  and  Baking-Powdbrs. 

In  the  following  experiments  8  g.  of  the  sample  and  8  cc.  of  concentrated 
ammonia  were  made  up  to  too  cc.    (Note  :  Samples  of  corn  starch, 
when  treated  in  this  way,  gave  filtrates  which  were  practi- 
cally inactive.) 

Starch. 
Description.  Brand.  Percent     Rotation. 

(87)  Superphosphate  substitute                ••••  26  8.3 

(88)  Superphosphate  substitute                -•••  13  10.4 

(89)  Phosphate  baking-powder  Q.  37  3.3 
(  90)  Alum  baking-powder  H.  C.  50  15.8 
(  91 )  Alum  baking-powder                      J.  52  18.3 

(92)  Alum-phosphate  baking-powder  B.  R.  48  2.9 

(93)  Alum-phosphate  baking-powder  W.  S.  49  8.3 

(94)  Alum-phosphate  baking-powder  W.  S.  49  no 

(95)  Alum-phosphate  baking-powder  W.  S.  49  11.3 
(  96)  Alum-phosphate  baking-powder  C.  46  0.2 
(97)  Alum-phosphate  baking-powder  G.  S.  52  5.4 
(  98)  Alum-phosphate  baking-powder  G.  S.  52  5.6 

(99)  Alum-phosphate  baking-powder        W.  E.  50  14.8 

( 100)  Alum -phosphate  baking-powder         S.  C.  51  10.4 

(101)  Alum -phosphate  baking-powder  U.  50  3.5 

Experiments  to  Show  that  the  Rotation  of  Inverted  Starch  Is 

Not  Increased  by  Molybdate. 

(102)  4  g.  phosphate  substitute,  8  cc.  NH„  to  100  cc 4 

(103)  0.5  g.  phosphate  substitute,  treated  by  molybdate  method.---         o 

(104)  A  solution  of  inverted  starch  was  prepared  by  treating  starch  with 
sulphuric  acid  and  removing  the  latter  by  barium  carbonate.  This  solution 
was  diluted  so  that : 

20  cc.  and  8  cc.  NH,  made  up  to  100  cc.  gave 9 

5  cc.  of  the  same  solution  treated  by  molybdate  method 2 

Relation  between  Abcount  of  Tartaric  Acid  and  the  Rotation  in 

the  Molybdate  Method. 
The  following  are  the  averages  of  the  best  agreeing  results  of  several  exper- 
iments :  In  each  case  the  substances  wet?  treated  as  described  under  III. 

(105)  o.2g.KHT 133 

(106)  0.1  g.  KHT 66 

(107)  0.05  g.  KHT 32 

(108)  0.025  g.  KHT 16.2 

Test  Analyses  by  the  Several  Methods  Described. 

(109)  Test  Analysis,  Group  I  (/)and  (2).— Separation  of  cream  of 

tartar  and  calcium  tartrate.    A  mixture  was  made  up  of  2  g. 
KHT  ando.2g.  CaT  and  treated  as  directed  under  Group  1(2)     167 
The  same  mixture  treated  according  to  I  (1 ) 157 
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The  mixture  contains  0.798  g.  tartaric    acid  as  bitartrate  and  0.058  g. 
tartaric  acid  as  calcium  tartrate,  or  total  TH,  =  0.856  g. 
The  amounts  calculated  from  the  rotations  are  : 

Total  TH„  0.865  g>  THt  as  bitartrate,  0.815. 
{no)     Test  Analysis ,  Group  II  (/). — A  mixture  was  prepared  correspond- 
ing to  the  sodii  cit.  tartras  effervescens  of  the  B.P. 

13.72  grams  sodium  bicarbonate 
4.92  grams  citric  acid 
7.50  grams  tartaric  acid 
4.06  grams  sugar 

30.00 

The  whole  was  dissolved  in  cold  water  and  made  up  to  100  cc.  (sol.  A). 

25  cc.  of  this  solution  and  1  cc.  NH,  made  up  to  50  cc.  gave  334'  (a). 

25  cc.  of  A  required  4.2  cc.  concentrated  HC1  to  decolorize  methyl  violet. 

25  cc.  of  A  were  heated  with  4.2  -f  2.5  cc.  HC1  to  700  for  ten  minutes, 
then  methyl  orange  was  added  and  5  +  1  cc.  NH,.    The  solution,  made  up 

to  50  cc. ,  gave  a  reading  of (Temperature  ===  200)  125'  (6) 

from  which  the  sugar  z  =  3.97  g. 

Prom  this  the  rotation  of  the  unin verted  sugar  in  the  100  cc.  is 

3.97  X  79.7  =  3*7'. 
and  therefore  the  rotation  of  the  tartaric  acid 

x  =  2  X  334  —  3*7  =  35i, 
from  which  the  weight  of  tartaric  acid 

>  =  4X  0.00519  X  351  =  7-28.. 
(111)     Test  Analysis,  Group  II  (2). — "  Effervescing  magnesium  sulphate" 
(B.P.)  was  prepared  as  follows  : 

20.0  grams  magnesium  sulphate 
14.4  grams  sodium  bicarbonate 

7.6  grams  tartaric  acid 

5.0  grams  citric  acid 

4.2  grams  sugar 

The  analysis  was  carried  out  exactly  as  described  -  in  the  account  of  this 
method  in  the  text,  3.  g.  sodium  phosphate  being  used  to  precipitate  the 
magnesium. 

The  following  readings  were  obtained  : 

W w 

(d)     (Temperature  =  180) 13' 

from  which. 

10  X  (68  — 2  X  13)  X  1.254         ^ 
the  sugar,  z  --= L___^ *  =  3.96, 

and  the  tartaric  acid, 

y  =  4  (680  -  79  X  396)  000519  =  7.62. 
In  both  the  above  experiments,  it  must  be  admitted,  the  tartaric  acid  comes 
out  better  thau  should  be  expected  from  the  error  in  the  sugar. 
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(na)  Test  Analysis,  Group  III.— -The  following  mixture  was  made  up 
and  analyzed  by  the  method  described  under  the  above  head,  as 
gram  were  taken  for  analysis. 

i.o  gram  potassium  bitartrate 

i.o  gram  calcium  tartrate 

0.5  gram  alum 

1.0  gram  phosphate  tartar  substitute 

This  mixture  contains  32.9  per  cent  tartaric  acid. 
Amount  found  :  33.4  per  cent  tartaric  acid. 
UwivBRsmr  or  Manitoba..  » 
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[Contributions  from  ths  Laboratories  op  thb  Massachusetts 

Institute  op  Technowkjy.] 

THB  EQUIVALENT  CONDUCTIVITY  OP  THE  HYDROGEN 
ION  DERIVED  FROM  TRANSFERENCE  EXPERI- 
MENTS WITH  HYDROCHLORIC  ACID. 

By  A.  A.  Noybs  amd  G.  V.  Sammbt. 

RACtivsd  Aumst  i.  raw. 

I.      PURPOSE  O*  THE  INVESTIGATION. 

In  calculating  the  degree  of  dissociation  of  a  weak  acid  from  its 
conductivity,  it  is  first  necessary  to  determine  in  some  indirect  way 
the  value  of  its  molar  conductivity  that  corresponds  to  complete 
dissociation.  This  has  been  commonly  done  by  adding  to  the 
molar  conductivity  of  its  sodium  salt  at  extreme  dilution  the  dif- 
ference between  that  of  hydrochloric  acid  and  that  of  sodium 
chloride.  The  results  so  obtained  may,  however,  be  ia  error  by  a 
considerable  amount,  by  reason  of  the  fact  'that  impurities  in  the 
water  make  it  impossible  to  determine  accurately  the  conductivity 
of  hydrochloric  acid  (or  any  other  strong  acid)  at  a  dilution 
where  the  dissociation  is  substantially  complete.  The  values  ordi- 
narily employed  have  been  obtained,  therefore,  by  estimating,  with 
the  help  of  the  change  in  the  observed  conductivity  with  the  dilu- 
tion, the  prob?k1e  effect  of  the  impurities,-  and  by  making  allow- 
ance for  this  effect. 

A  second,  independent  method  that  might  be  applied  to  the 
calculation  of  the  molar  conductivity  of  completely  dissociated 
hydrochloric  acid  is  to  divide  the  equivalent  conductivity  of  the 
chlorine  ion  by  the  transference  number  of  moderately  dilute  hy- 
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drochloric  acid.  The  former  of  these  two  values  is  already  known 
with  a  fair  degree  of  accuracy  and  certainty  as  a  result  of  many 
transference  and  conductivity  investigations  on  sodium  and  potas- 
sium chlorides.  The  latter  has  also  been  determined  by  Hittorf, 
Bein,  Hopfgartner,  and  Jahn  and  Bogdan  in  connection  with  other 
transference  experiments;  but  its  importance  in  furnishing  a 
reliable  basis  for  the  calculation  of  the  dissoqiation-constants  of 
acids  has  seemed  to  us  to  make  it  worthy  of  a  more  thorough 
investigation,  especially  as  we  had  reason  to  expect  that  by  em- 
ploying the  method  previously  described  in  this  Journal1  accurate 
results  could  be  attained.  It  is  the  purpose  of  this  article  to 
present  the  results  of  such  an  investigation  carried  out  with 
hydrochloric  acid,  mainly  of  1/60  normal  concentration  and  at  the 
three  temperatures  of  io°,  200,  and  300.  To  assist  in  the  inter- 
pretation of  the  results,  new  determinations  of  the  conductivity  of 
the  acid  at  these  temperatures  are  also  communicated. 

II.      PREPARATION  AND  STANDARDIZATION  OF  SOLUTIONS. 

To  insure  their  purity,  all  of  the  hydrochloric  acid  solutions 
submitted  to  electrolysis,  except  those  numbered  1  and  2  for  which 
chemically  pure  commercial  acid  was  used,  were  made  by  diluting 
especially  prepared  concentrated  solutions  with  water  which  had 
been  distilled  from  alkaline  permanganate.  The  concentrated 
acid  used  in  the  preparation  of  the  solutions  numbered  6,  7,  8,  and 
9  was  made  by  generating  hydrochloric  acid  gas  by  the  action  of 
pure  concentrated  sulphuric  acid  upon  sodium  chloride  purified  by 
previous  precipitation  with  hydrochloric  acid  gas,  conducting  it 
through  a  wash-bottle  containing  a  little  water,  and  then  absorbing 
it  in  pure  water.  For  preparing  solutions  3, 4,  and  5,  hydrochloric 
acid  gas  was  generated  by  dropping  concentrated  sulphuric  acid 
into  pure  concentrated  hydrochloric  acid  solution ;  the  gas  was  then 
washed  and  absorbed  as  before,  and  the  resulting  solution  was  ap- 
propriately diluted.  The  water  used  for  all  of  the  solutions  em- 
ployed in  this  investigation  had  at  25  °  a  specific  conductivity  of 
less  than  1.5  X  io"6  reciprocal  ohms. 

The  hydrochloric  acid  solutions  were  standardized  by  precipi- 
tating 150-gram  portions  with  silver  nitrate  with  the  addition  of 
2  cc.  of  strong  nitric  acid,  heating  half  an  hour  to  just  below  boil- 
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ing,  collecting  the  precipitates,  after  washing  them  by  decantation 
with  cold  water,  in  platinum  Gooch  crucibles,  and  drying  them  at 
1 35°  for  twelve  hours  or  more  till  the  weight  was  constant  to  0.1 
milligram. 

An  approximately  o.i  normal  barium  hydroxide  solution 
was  prepared  from  the  recrystallized  commercial  product,  and 
was  preserved  in  z  bottle  so  arranged  with  a  soda-lime  tube  and  a 
delivery  tube  that  portions  could  be  drawn  from  it  without  intro- 
ducing carbon  dioxide  from  the  air.  It  was  proved  to  be  entirely 
free  from  chloride  by  evaporating  ioo  cc.  with  nitric  acid  and  test- 
ing with  silver  nitrate. 

This  barium  hydroxide  solution  was  standardized  in  terms  of 
the  hydrochloric  acid  solutions  by  titrating  it  with  the  help  of 
phenolphthalein  against  150-gram  portions  of  the  acid.  Through- 
out these  experiments  all  measurements  of  solutions  were  made 
by  weight,  and  not  by  volume.  The  barium  hydroxide  solution 
was  delivered  from  a  long  cylindrical  120-cc.  drop- funnel,  fitted 
with  a  perforated  rubber  stopper  with  a  soda-lime  tube,  and  hav- 
ing its  delivery  tube  drawn  to  a  point  10  cm.  below  the  stop-cock. 
The  drop  funnel  was  filled  by  connecting  the  end  of  the  delivery 
tube  with  the  tube  leading  into  the  barium  hydroxide  bottle,  and 
drawing  the  solution  into  the  funnel  by  applying  suction  at  the 
top,  thus  preventing  the  solution  from  coming  into  contact  with 
the  air.  The  end  of  the  delivery  tube  was  capped  with  a  small 
test-tube  during  the  weighings. 

III.      DESCRIPTION  OF  THE  METHOD. 

The  apparatus  used  was  that  designed  for  the  transference  work 
previously  done  in  this  laboratory.*  It  consists  of  two  laige 
U-tubes  of  a  bore  of  3.5  cm.  and  a  height  of  40  cm.,  each  of  which 
has  the  top  of  one  of  its  arms  bent  at  right  angles  and  has  a  small 
upright  tube  sealed  into  this  bend  so  that  the  stem  of  a  pipette  can 
be  introduced  through  it  to  the  bottom  of  the  U-tube.  During 
the  electrolysis  the  bent  ends  of  the  two  tubes  were  joined  by  a 
piece  of  soft  rubber  tubing,  and  the  tubes  were  clamped  in  a  suit- 
able support.  The  cathode  was  a  spiral  of  platinum  wire.  The 
anode  was  a  round  plate  of  silver,  2  mm.  thick,  just  large  enough 
to  enter  the  tube ;  it  was  riveted  to  a  stout  silver  wire,  which  was 
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connected  with  a  platinum  wire  sealed  in  a  glass  tube  that  passed 
through  a  rubber  stopper  fitting  the  mouth  of  the  U-tube.  The 
silver  anode  has,  over  the  cadmium  or  zinc  anode  which  has  been 
hitherto  employed,  the  advantage  that  no  foreign  substance  is 
introduced  by  it  into  the  solution,  since  only  insoluble  silver  chlo- 
ride is  formed  at  its  surface.  This  makes  it  possible  to  increase 
the  proportion  of  the  acid  transferred. 

Given  in  outline,  the  method  of  carrying  out  the  transference 
experiments  consisted  in  passing  a  suitable  current  for  three  hours 
through  the  standardized  hydrochloric  acid  solutions  in  the 
apparatus  just  described,  determining  the  quantity  of  electricity 
by  means  of  silver  voltameters  placed  in  series  with  it,  dividing 
the  electrolyzed  solution  into  a  cathode,  an  anode,  and  three  middle 
portions,  titrating  each  of  these  except  the  anode  portion  with 
barium  hydroxide  to  determine  the  concentration-changes  of  the 
hydrogen  ion,  and  precipitating  all  five  of  them  with  silver  nitrate 
and  weighing  the  precipitates  to  determine  the  concentration- 
changes  of  the  chlorine  ion.  From  the  analyses  of  the  cathode 
and  anode  portions  three  separate  values  of  the  transference- 
number  were  obtained,  and  by  the  analysis  of  the  middle  portions 
it  was  made  certain  that  no  error  arose  through  convection.  In  a 
few  of  the  experiments,  those  first  made,  the  acidimetric  titrations 
were  omitted,  however. 

The  details  of  the  procedure  were  as  follows:  Before  filling 
the  tubes  with  the  solution  each  was  weighed  separately,  the 
anode  tube  containing  its  electrode.  They  were  then  joined  with 
a  piece  of  tight-fitting  soft  rubber  tubing,  which  was  wired  on  and 
completely  covered  with  vaseline  to  prevent  danger  of  leakage. 
The  anode  tube  was  first  filled  with  the  acid  solution  up  to  5  or  6 
cm.  of  the  top,  and  then  corked  tightly,  the  electrode  being  ad- 
justed so  as  to  be  about  6  to  7  cm.  below  the  surface  of  the  liquid. 
The  cathode  tube  was  then  charged  with  the  solution  until  it  half 
filled  the  outer  arm;  then  the  stopper  with  the  electrode  was 
tightly  inserted,  and  the  middle  part  of  the  apparatus  completely 
filled  through  the  small  upright  tubes,  which  were  then  stoppered. 
It  was  necessary  to  fill  the  anode  tube  to  the  higher  level  so  as  to 
lengthen  that  portion ;  for  otherwise  the  changes  in  concentration 
would  extend  too  far  beyond  the  bend,  up  into  the  inner  arm  of  J,ie 
tube. 
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At  least  half  an  hour  before  the  electrolysis  was  started,  the  LT- 
tubes  were  immersed  in  a  large  thermostat  at  the  proper  tempera- 
ture to  such  a  depth  that  the  middle  horizontal  part  of  the  appa- 
ratus was  entirely  covered.  When  the  temperatures  had  equalized 
themselves,  the  electrodes  were  connected  through  a  switch,  a  16- 
candle-power  220-volt  lamp,  a  Weston  milliammeter,  and  two 
silver  voltameters,  with  the  terminals  of  a  no-volt  circuit;  and 
the  current  was  turned  on.  The  silver  voltameters  consisted  of 
platinum  dishes  (which  served  as  the  cathodes)  containing  a  15 
per  cent,  silver  nitrate  solution,  just  beneath  the  surface  of  which 
was  placed  a  horizontal  silver  plate  (to  serve  as  anode)  which  was 
wrapped  with  filter-paper,  and  supported  by  a  silver  rod  riveted 
through  it.  One  of  these  voltameters  was  inserted  at  each  end  of 
the  electrolytic  apparatus.  The  milliammeter  served  only  to  indi- 
cate roughly  the  strength  of  the  current. 

The  electrolysis  was  allowed  to  continue  for  three  hours  in  all 
the  experiments.  The  current  was  closely  watched,  and,  if  at  any 
time  it  tended  to  diminish,  the  external  resistance  was  changed,  so 
as  to  keep  the  current  approximately  constant. 

At  the  end  of  the  electrolysis,  the  cathode  was  removed,  shaking 
off  any  drops  that  adhered  to  it,  and  a  rubber  stopper  was 
inserted  in  its  place.  The  stoppers  in  the  middle  upright  tubes 
were  then  removed,  and  three  middle  portions  were  withdrawn 
slowly  by  means  of  a  pipette  connected  with  a  suction  pump,  the 
tip  being  lowered  gradually  so  as  to  be  always  just  beneath  the 
surface  of  the  liquid.  These  portions  were  transferred  to  tared 
flasks  and  weighed.  The  first  portion  extended  to  just  below  the 
bend  in  the  middle  horizontal  part  of  the  tubes;  the  other  two 
portions  reached  in  the  inner  arms  to  just  above  the  level  of  the 
bends  at  the  bottom  of  the  tubes.  The  apparatus  was  next  re- 
moved from  the  thermostat  and  separated  at  the  rubber  band :  the 
tubes  were  wiped  dry  on  the  outside ;  the  liquid  adhering  to  the 
inside  of  the  upper  part  of  the  middle  arms  was  also  removed; 
and  the  tubes  were  then  weighed  separately. 

The  cathode  portion  was  now  titrated  in  the  tube  bv  adding 
barium  hydroxide  solution  from  a  weighed  drop-funnel  such  as 
was  described  in  Section  2  above.  It  was  then  transferred  to  a 
beaker  and  analyzed  for  its  chlorine-content  in  the  same  manner  as 
the  solution  had  been  previously  standardized.     The  middle  por- 
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tions,  also,  were  titrated  with  the  alkali,  and  then  analyzed  for 
chlorine  in  the  same  way.  The  anode  portion  when  titrated  with 
barium  hydroxide  was  found  to  give  utterly  discordant  results, 
owing  probably  to  the  liberation  of  some  oxygen  at  the  electrode 
and  the  production  of  a  corresponding  quantity  of  acid.  It  was 
therefore  not  titrated  in  most  of  the  experiments.  Its  chlorine- 
content  was  determined  in  the  following  manner.  The  main  solu- 
tion containing  silver  chloride  in  suspension  was  poured  into  a 
beaker  from  the  U-tube,  which  was  rinsed  out  with  enough  ammo- 
nia to  dissolve  all  the  precipitate.  The  electrode,  which  was  in- 
crusted  with  silver  chloride,  was  treated  for  an  hour  with  con- 
centrated ammonia  with  frequent  rubbing;  and  after  decanting 
the  solution  into  the  main  solution,  the  electrode  and  the  deposit 
of  loose  silver  from  it  were  warmed  with  nitric  acid,  until  the  sur- 
face layer  had  dissolved  off  the  electrode.  The  solution  and  any  ' 
residue  of  silver  chloride  remaining  were  washed  into  the  main 
solution,  which  had  meanwhile  been  filtered  to  remove  particles  of 
silver.  The  solution  was  now  made  acid  with  nitric  acid  and 
treated  with  an  excess  of ,  silver  nitrate,  the  precipitate  being 
collected  and  weighed  as  before. 

The  filtrate  from  the  silver  chloride  precipitate  was  treated  with 
sulphurous  acid  and  allowed  to  stand  on  a  hot  plate  over  night,  in 
order  to  test  it  for  free  chlorine  or  oxyacids  of  chlorine.  In  only 
one  of  the  final  determinations  did  a  precipitate  appear ;  this  was 
filtered  off,  washed  and  weighed,  and  added  to  the  main  quantity 
of  the  silver  chloride  precipitated.  In  several  preliminary  deter- 
minations, however,  it  was  found  that  the  anode  values  were 
abnormally  low,  and  that  the  filtrate  from  the  silver  chloride  gave 
a  considerable  precipitate  with  sulphurous  acid  on  standing  ten  to 
twelve  hours.  This  difficulty  was  entirely  removed  by  reducing 
the  current  densitv.  It  was  found  that  when  the  current  was  less 
than  4.5  milliampcres  per  square  centimeter  no  free  chlorine  was 
generated. 

After  the  electrolysis  had  continued  for  an  hour  or  so,  it  was 
occasionally  observed  that  the  current  rapidly  .decreased,  owing  to 
an  increase  in  the  resistance  at  or  near  the  anode.  This  arose 
either  from  its  becoming  too  thickly  coated  with  silver  chloride  or 
from  the  solution  in  its  immediate  neighborhood  becoming  nearly 
•exhausted.     The  first  of  these  effects  was  greatly  diminished  by 
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reducing  the  current-strength;  the  second,  by  placing  the  anode 
6  to  8  cm.  below  the  surface  of  the  liquid,  so  that  the  weakened 
solution  would  rise  and  cause  a  slow  stirring  in  the  neighborhood 
of  the  electrode,  thus  increasing  the  quantity  of  electrQlyte  avail- 
able for  electrolysis.  Under  these  conditions,  the  current  could 
be  kept  practically  constant  during  the  three  hours  of  an  experi- 
ment. 

In  every  experiment,  the  silver  chloride  formed  a  cloud  around 
the  anode  and  then  extended  slowly  down  the  tube  to  the  bend, 
where  it  formed  a  perfectly  sharp  line  at  the  level  of  the  top  of  the 
bend.  The  formation  and  maintenance  of  this  sharp  line  showed 
conclusively  that  there  was  no  stirring  taking  place  in  the  tubes. 

IV.      THE  EXPERIMENTAL  DATA  AND  RESULTS. 

The  first  experiments  were  made  with  approximately  1/20  nor- 
mal hydrochloric  acid ;  but  most  of  the  work  was  done  upon  an 
acid  three  times  more  dilute,  as  this  was  about  the  limit  to  which 
the  dilution  could  be  carried  without  some  sacrifice  of  experi- 
mental accuracy.  The  exact  concentrations  of  the  various  solu- 
tions employed  are  given  in  the  following  table  expressed  in  milli- 
grams of  silver  chloride  per  gram  of  solution.  Each  value  is  the 
mean  derived  from  a  series  of  analyses,  and  its  probable  accuracy 
is  indicated  by  the  number  of  these  and  its  average  deviation 
(A.  D.).1 
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Two  different  barium  hydroxide  solutions  were  employed.  The 
first  of  these,  approximately  1/6  normal,  was  standardized  sepa- 
rately against  acid  solution  No.  7  and  another  standard  hydro- 
chloric acid  solution  which  was  not  used  in  the  final  experiments, 
and  its  concentration  was  found  to  correspond  to  24.203  and 

1  This  is  the  average  deviation  (a.  d.)  of  the  separate  values  from  the  mean  divided  by 
the  square  root  of  the  number  of  values  and  is  equal  to  x  .18  times  the  "  probable  error." 


1 

i 


CONDUCTIVITY  OF  THE  HYDROGEN  ION.  95 1 

24.191  milligrams  silver  chloride  per  gram  solution,  respectively, 
the  divergence  being  therefore  only  0.05  per  cent.  The  second 
solution,  roughly  1/12  normal,  was  standardized  against  solutions 
Nos.  8  and  9,  and  its  concentration  was  found  to  correspond  to 
12.612  and  12.600  milligrams  silver  chloride  per  gram  solution, 
respectively  (divergence,  0.1  per  cent.).  Each  barium  hydroxide 
solution  was  used  in  titrating,  after  the  electrolysis,  the  acid  solu- 
tions against  which  it  had  been  standardized. 

The  data  of  the  experiments  and  the  calculated  transference 
values  are  given  in  the  following  tables.  The  first  column  con- 
tains the  number  of  the  experiment ;  the  second,  the  number  of  the 
acid  solution  used;  the  third,  letters  representing  the  different 
portions  submitted  to  analysis,  K  signifying  the  cathode  solution, 
MK  the  adjoining  middle  portion,  Af  the  next  portion,  MA  the  por- 
tion adjoining  the  anode,  and  A  the  anode  portion  itself;  the 
fourth  gives  the  weight  in  grams  of  the  portions  analyzed;  the 
fifth  column,  vacant  in  the  case  of  the  first  fourteen  experiments, 
contains  the  number  of  grams  of  barium  hydroxide  solution  used 
in  neutralizing  the  portions  after  the  electrolysis ;  the  sixth  con- 
tains the  initial  content  expressed  in  milligrams  of  silver  chloride 
as  calculated  from  the  weight  of  the  portion  and  the  standardization 
value ;  the  seventh,  the  final  content  determined  by  direct  weighing 
of  the  silver  chloride,  and,  on  the  line  below,  except  in  the  first 
fourteen  experiments,  the  value  of  it  calculated  from  the  barium 
hydroxide  used ;  the  eighth,  the  change  in  Content  of  the  separate 
portions ;  the  ninth,  the  total  change  in  content,  which  includes  the 
changes  in  the  portions  adjoining  the  cathode  and  anode; 
the  tenth,  the  milligrams  of  silver  precipitated  in  the  volt- 
ameters ;  and  the  eleventh,  the  calculated  transference  numbers 
multiplied  by  iooo.1 


1  The  way  in  which  these  were  calculated  may  be  illustrated  with  the  help  of  the  data 
obtained  in  the  second  experiment.  The  cathode  portion  submitted  to  analysis  weighed 
452.76  grams  and  was  found  to  yield  3158.8  mg.  of  silver  chloride.  To  determine  the  origi- 
nal content  the  weight  of  the  portion  is  multiplied  by  the  original  concentration  of  the 
solution  (7.3651  mg.),  which  gives  3334-6.'  The  decrease  in  concentration  at  the  cathode  is, 
therefore,  175.8  mg.  Adding  to  this  the  decrease  in  the  adjoining  middle  portion  (1.0  mg.) 
and  dividing  by  the  equivalent  weight  of  silver  chloride  (143.38)  and  by  the  number  of 
equivalents  of  silver  (803.3/107.93)  precipitated  in  the  volumeter,  the  transference  number 
1s  found  to  be  0.1656. 
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V.      SUMMARY    OF   THE   TRANSFERENCE   VALUES. 


All  the  values  of  the  transference  numbers  derived  from  the 
experiments  recorded  are  summarized  in  the  following  tables: 

'/io-Molar  HC1  at  200. 

Cathode  Cathode 

from  AgCl.    from  BaOiH*. 


VM-MOLAR  HC1  AT  2O0. 

Bxpt. 

No.  . 

Anode. 

Cathode 

I 

164.2 

164.9 

2 

164.2 

165.6 

3 

167.9 

165.9 

4 

166.0 

16^.3 

5 

164.9 

164.2 

6 

164.2 

164.9 

7 

166. 1 

165.3 

8 

166. 1 

166.8 

9 

165.4 

168.7 

Mean, 

165.51 

165.84 

a.d., 

I.03 

0.96 

A.D., 

0.34 

0.32 

Pinal  mean, 

165.69 

A.D., 

O.I2 

Bxpt. 

No.  Anode. 

10  166.2 

11  169.O 

12  166.7 

13  167.9 

14  l68.2 

15  '59-3* 

16  165.4 

17  166.7 

18  167.4 

19  166.8 

20  167.3 

Mean,  167.16 

a.d.,  0.80 

A.D.,  0.25 


167.3 
169.0 

1653 
164.1* 

166.3 

166.9  l68-3 

166.4  167.2 

167.3  168.5 

166.7  1674 

166.8  167.5 
168.2  168.2 

167.02  167.85 

0.74  0.48 

0.23  0.19 

.Pinal  mean,  167.43 
A.D.,      0.25 
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MOLAR  HC1  AT  IO° 

• 

'/«• 

Molar  HC1  at  300. 

Expt 
No. 

Cathode    < 
from 
Anode.         AgCl. 

Cathode 
from4 
BaO»H« 

Expt. 
No. 

Anode. 

Cathode      Cathode 
from             from 
AgCl.          BaOtKf. 

21 

157.1*         158.3 

lost 

27 

1774 

176.  I*          176.8 

22 

159. 1           158.9 

157.8 

28 

177-9 

177.6            176.9 

23 

159.4           158.8 

158.6 

29 

1779 

177.3            I77.0 

24 

158.O           159.2 

159.2 

30 

1779 

17.75            177.3 

25 

1474*         157-4 

I58.O 

31 

177.9 

165.9*         *77-2 

26 

158.9           159-6 

I57.I 

32 

176.3* 

1773            176.9 

Mean, 

158.85         158.70 

158.14 

Mean, 

r    I77.80 

177.42          I77.0I 

a.d., 

O.42             0.57 

O.61 

a.d. 

,      0.16 

O.I2              O.I5 

A.D., 

,       O.21             0.23 

O.27 

A.D. 

,     0.08 

O.06              O.06 

Pinal  mean,  158.62 

'Final  mean,  177-34 

A.D.,      0.15 

A.D.,      0.16 

In  obtaining  the  means  of  the  values  by  each  different  method, 
those  values  designated  by  an  asterisk  in  the  tables  were  omitted. 
These  values  all  deviate  from  the  mean  calculated  without  them 
by  more  than  four  times  the  average  deviation  of  the  other  values 
from  the  mean. .  This  average  deviation  is  represented  in  the 
tables  by  a.d.  By  dividing  this  by  the  square-root  of  the  number 
of  observations,  the  "average  deviation  of  the  mean"  represented 
by  A.D.  was  calculated.  The  "final  means"  were  obtained  by 
combining  the  separate  means,  assigning  to  each  a  weight  in- 
versely proportional  to  the  square  of  its  A.D. 

VI.      PROBABLE  ACCURACY  OF  THE  RESULTS. 

The  probable  degree  of  accuracy  of  the  results  both  with  respect 
to  accidental  and  systematic  errors  may  first  be  considered.  In 
this  connection  it  should  be  stated  that  all  the  determinations  are 
recorded  which  were  carried  to  completion  after  the  method  was 
perfected. 

The  four  things  that  might  affect  the  accuracy  of  the  results  are 
impurities  in  the  acid  solution  electrolyzed,  inaccuracy  or  variation 
in  the  temperature,  errors  in  the  voltameter  measurements,  and 
errors  in  the  electrolysis  or  analysis  of  the  solutions. 

The  purity  of  the  samples  of  acid  used  is  perhaps  sufficiently 
demonstrated  by  their  methods  of  preparation,  and  that  of  the 
water  by  its  slight  conductivity.  That  the  acid  solutions  contained 
no  impurity  that  could  affect  the  results  is  further  proved  by  the 
agreement  of  the  transference  values  obtained  with  the  acid  from 
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three  different  sources/  of  the  electrical  conductivity  (in  the  case 
of  solution  9)  with  that  found  by  other  investigators  (see  below), 
and  of  the  transference  numbers  calculated  from  the  H'  concentra- 
tions with  those  calculated  from  the  CI'  concentrations,  thus  prov- 
ing that  no  other  ions  participated  in  the  transference. 

The  temperatures  were  determined  with  a  thermometer  which 
was  corrected  by  comparison  with  the  standard  of  the  Physical 
Department  of  this  Institute.  They  were  kept  constant  during 
the  experiments  within  0.020,  which  is  entirely  sufficient  as  the 
temperature-coefficient  of  the  transference-number  is  0.6  per  cent, 
per  degree. 

The  voltameter  measurements  were  made  in  accordance  with 
the  legal  specifications,  and  were  checked  in  almost  all  the  experi- 
ments by  inserting  in  the  circuit  two  voltameters,  one  on  each  side 
of  the  electrolysis  apparatus,  thus  preventing  any  error  from 
leakage  of  electricity.  The  two  values  will  be  seen  to  check  within 
0.1  per  cent,  in  all  cases.* 

Of  the  errors  in  the  electrolysis  and  analysis  of  the  solution  the 

results  themselves  furnish  a  criterion  in  four  different  wavs: 

• 

namely,  through  a  consideration  of  ( 1 )  the  changes  in  concentra- 
tion of  the  middle  portions;  (2)  the  agreement  of  the  similarly 
determined  transference-numbers  in  the  different  experiments; 
(3)  the  agreement  of  those  calculated  from  concentration-changes 
at  the  two  different  electrodes  in  the  same  experiment;  and  (4) 
the  agreement  of  those  calculated  from  the  concentration-changes 
of  the  two  different  ions.  These  four  considerations  will  be 
taken  up  in  the  order  named. 

( 1 )  It  will  be  seen  that  the  change  in  the  middle  portion  of  all 
is  in  only  a  very  few  cases  more  than  0.05  per  cent  and  therefore 
no  greater  than  the  analytical  error,  and  that  the  changes  in  the  two 
adjoining  middle  portions  are  very  small,  showing  that  the  changes 
at  the  electrodes  were  caused  only  by  the  transference  and  were 

1  Thus  experiment*  1-5  were  nude  with  solutions  prepared  from  chemically-pare 
commercial  add,  experiments  is-$a  with  solutions  made  from  hydrochloric  add  gas 
generated' from  sodium  chloride,  and  experiments  6-1 1  with  solntions  made  from  hydro- 
chloric add  gas  liberated  from  the  commercial  add. 

>  We  have  not  thought  It  necessary  to  correct  our  results  for  the  deviation  shown  to 
exist  by  Richards,  Collins,  and  ftdmrod  (Ave.  Am.  AauL,  31, 133)  between  the  results  of 
the  legal  silver  voltameter  and  the  requirements  of  Faraday's  law ;  for  this  deviate 
amounts  to  leas  than  o.  1  per  cent- 
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not  at  all  affected  by  convection  currents.  That  there  was  no 
convection  on  the  anode  side  was  also  shown,  as  was  stated  above, 
by  the  sharp  line  formed  by  the  finely  suspended  silver  chloride  in 
the  bend  of  the  tube.  No  error  was  possible,  of  course,  from  the 
participation  in  the  transference  of  foreign  ions  produced  by  the 
electrolysis ;  for  the  materials  of  the  electrodes  precluded  this. 

(2)  The  percentage  average  deviations  (100  a.  d. /mean)  of 
the  separate  values  from  the  mean  are  nearly  identical  for  the 
gravimetric  cathode  and  anode  values  in  each  of  the  four  series  of 
experiments,  and  amount  to  0.59,  044,  0.13,  0.09  with  1/20  molar 
HC1  at  200,  and  1/60  molar  at  200,  at  io°,  and  at  300,  respectively. 
The  corresponding  percentage  "average  deviations  of  the  mean" 
(100  A.D./mean)  are  0.19,  0.14,  0.14  and  0.04,  respectively. 
These  last  values  may  be  regarded  as  measures  of  the  precision  of 
the  separate  means,  as  far  as  the  effect  of  accidental  errors  is  con- 
cerned. 

(3)  It  will  be  seen  from  the  summary  of  the  transference- 
values  that  the  means  calculated  from  the  anode-portion  analyses 
do  not  differ  from  those  from  the  cathode-portion  analyses  by 
more  than  1/4  per  cent,  in  any  one  of  the  four  series  of  experi- 
ments. Moreover,  the  average  deviations  of  these  means  are 
nearly  identical,  thus  showing  that  the  more  complicated  pro- 
cedure in  the  case  of  the  anode  portion  did  not  introduce  any  error. 
This  agreement  not  only  eliminates  to  a  greater  extent  the  effect  of 
accidental  errors,  but  proves  the  absence  of  certain  imaginable 
systematic  errors  of  a  greater  magnitude  than  this,  in  the  analysis 
of  the  solution ;  for,  since  at  the  cathode  there  is  a  decrease  and  at 
the  anode  an  increase  in  the  chlorine-content,  the  results  would  be 
affected  by  such  errors  in  opposite  directions;  thus,  this  is  true  of 
errors  in  the  determination  of  the  original-content  of  the  solution 
and  of  errors  from  loss  of  silver  chloride  or  particles  of  asbestos 
from  the  crucibles  in  the  final  analyses. 

(4)  The  mean  transference-numbers  calculated  from  the  acidi- 
metric  titrations  differ  from  those  derived  from  the  silver-chloride 
weighings  by  0.33-0.39  per  cent,  in  the  three  different  cases. 
Within  these  limits,  therefore,  the  agreement  of  the  results  by  the 
two  independent  methods  of  analysis  gives  a  further  confirmation 
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of  the  accuracy  of  the  analytical  work.  It  shows,  also,  as  stated 
above,  that  no  ions  other  than  those  coining  from  the  hydrochloric 
acid  took  part  in  the  transference. 

As  the  final  means  were  obtained  by  a  combination  of  the 
results  of  the  three  series  of  independent  analyses,  and  as  it  is  not 
possible  that  there  was  any  considerable  error  except  in  connection 
with  the  electrolyzed  solution,  the  average  deviations  of  the  final 
means  are  a  measure  of  their  probable  accuracy  with  respect  to 
errors  from  all  sources.  These  average  deviations  lie  between 
0.10  and  0.15  per  cent,  in  the  case  of  the  four  series  of  experi- 
ments. It  seems  certain  that  the  actual  error  cannot  in  any  case 
exceed  three  times  the  larger  of  these  deviations  or  0.45  per  cent. 
The  probable  and  possible  percentage  errors  would,  of  course,  be 
only  about  one-fifth  as  great  if  the  results,  were  calculated  for  the 
cathion  (instead  of  for  the  anion),  as  has  been  done  by  some 
investigators. 

VII.      COMPARISON   WITH   THE  RESULTS  OF  PREVIOUS  INVESTI- 
GATIONS. 

m 

Transference  numbers  for  hydrochloric  acid  were  first  published 
by  Hittorf  in  his  original  memoirs  on  the  general  subject.  As  the 
values  in  the  dilute  solutions  deviate  greatly  from  all  those  more 
recently  obtained,  and  as  their  accuracy  was  doubted  by  that 
investigator  himself,  they  do  not  need  to  be  considered  here. 
Within  the  last  four  years,  however,  three  other  series  of  determi- 
nations have  been  communicated,  namely  by  Hopfgartner,1  Bein,1 
and  Jahn  and  Bogdan.*  We  have  reduced  their  determinations, 
which  were  made  between  90  and  190,  to  200  by  means  of  the 
temperature-coefficient  which  we  found  between  io°  and  200, 
which  is  identical,  moreover,  with  that  given  by  Bein.  We  recall 
that  our  values  at  200  are  165.69  ( A.D.  =  0.12,  9  experiments,  18 
values)  for  the  1/20  molar  solution,  and  167.43  (A.D.  =0.25, 11 
experiments,  26  vames)  for  the  1/60  molar  solution.  Hopf- 
gartner's  results  with  1/10  and  1/5  molar  solutions  lead  to  168.0 
(A.D.  =  1.6;  9  values)  ;  Bein's  with  1/7  to  1/70  molar,  to  1724 

» 

i  Ztschr.  phys.  Chern.,  25,  135  (1898). 

«  /Wrf.,  J7f  3a,  49  (1898). 
»  /«&,  37,  679  (1901). 
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(A.D.  =  1.7;  5  values1;  Jahn  and  Bogdan's,  with  1/32  to  1/80 
molar,  to  176.0  (A.D.  =  0.85 ;  11  values). 

in  view  of  the  large  average  deviations  of  these  results,  their 
wide  divergence  from  one  another,  and  the  facts  that,  except  in  the 
case  of  Bein's,  they  were  not  controlled  by  analyses  of  the  portions 
at  both  electrodes  and  that  in  the  cases  of  all  of  them  the  middle 
portions  exhibited  considerable  changes,  it  seems  probable  that 
our  values  are  nearer  the  true  ones  than  any  that  might  be  obtained 
by  combining  them  with  these  earlier  results.  The  greater  errors 
in  these  probably  arose  from  two  causes :  first,  the  changes  in  con- 
centrations in  the  portions  around  the  electrode  were  small, 
amounting  only  to  from  2  to  6  per  cent,  of  the  total  salt-content ; 
and  secondly,  a  considerable  proportion  of  the  changes  in  concen- 
tration that  did  occur  was  in  the  middle  portion,-  this  proportion 
amounting  to  from  3  to  8  per  cent,  in  most  of  Bein's  experiments ; 
in  Jahn  and  Bogdan's  experiments  the  percentage  changes  in  con- 
centration indicate  that  it  was  considerable,  but  the  proportion  of 
the  total  change  cannot  be  stated  since  they  failed  to  give  the 
weights  of  the  middle  portion.  In  our  experiments  the  changes 
in  concentration  were  from  10-15  per  cent,  of  the  total  salt  con- 
tent, and  the  changes  in  the  middle  portions  were  only  from  0.1  to 
0.3  per  cent,  of  the  total  change. 

VIII.      CHANGE  OF  THE  TRANSFERENCE- NUMBERS  WITH  THE  CON- 
CENTRATION. 

It  will  be  seen  that  at  20 °  the  transference-number  increases  by 
just  about  1  per  cent,  in  passing  from  the  dilution  of  20  to  that  of 
60  liters.  It  is  not  impossible  that  this  apparent  change  arises 
wholly  from  experimental  errors,  as  the  1/20  molar  solution  was 
the  one  first  investigated,  the  average  deviation  of  the  separate 
values  from  the  mean  is  greater  than  in  any  other  case,  and  the 
results  were  not  checked  by  an  acidimetric  titration.  Still  it  is  not 
probable  that  this  is  the  case ;  for  it  would  be  necessary  to  assume 
errors  of  about  three  times  the  A.D's  in  the  final  means  of  both  the 
1/20  and  1/60  molar  solutions,  and  that  these  lay  in  opposite 
directions.  Even  assuming  that  the  whole  change  is  real,  it  is 
still  small  enough  to  indicate  that  the  value  at  infinite  dilution 
cannot  differ  much  from  that  at  1/60  molar.    This  is  made  still 

l  The  two  experiment*  to  which  a  weight  of  HI*  assigned  are  here  considered  as  one. 
Tbe  three  to  which  a  weight  of  J{  is  given  are  left  entirely  oat  of  consideration. 
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more  probable  by  the  consideration  that  the  undissociated  portion 
of  the  acid  at  that  dilution  amounts  to  only  6  per  cent,  and  espe- 
cially by  the  results  of  Jahn  and  Bogdan,  which  show  no  syste- 
matic change  whatever  in  the  transference-number  between  the 
dilutions  of  32  and  no  liters.  Still  it  must  be  admitted,  that, 
though  not  probable,  yet  it  is  possible  that  an  error  of  1  to  2  per 
cent,  would  be  made  by  assuming  no  further  change  in  the  trans- 
ference number  after  1/60  molar  is  reached. 

IX.      MEASUREMENTS    OP    THE    CONDUCTIVITY    09    HYDROCHLORIC 

ACID. 

To  assist  in  the  discussion  of  the  results  it  was  desirable  to 
know  the  temperature-coefficient  of  the  conductivity  of  the  hydro- 
chloric acid  between  the  temperatures  in  question.  The  con- 
ductivity of  the  acid  was  therefore  measured  by  the  usual  Kohl- 
rausch  method  at  io°,  20°,  and  30 °  and  at  two  dilutions.  The 
results  are  given  in  the  following  table.  The  first  column  gives 
the  temperature ;  the  second,  the  volume  in  true  liters1  containing 
1  mol;  the  third,  the  measured  conductance  in  reciprocal  ohms; 
the  fourth,  the  molar  conductivity  calculated  therefrom3,  and  re- 
ferred to  the  cubic  centimeter  as  the  unit  of  volume;  the  fifth, 
the  values  of  it  calculated  from  Kohlrausch's  data*  at  18°  and 
Deguisne's  temperature-coefficients4 ;  and  the  sixth,  the  changes  in 
conductivity  for  each  interval  of  io°. 

Tempera-  Molar  conductivity.    Chaiige  in  conductivity, 

tare.      Dilution.  Conductance.     N.  and 8.   K.andD.     N.andS.  K.andD. 

61.2  60.8 
60.0        59.6 

62.3  61.8 
61.3        60.6 

It  will  be  seen  that  our  values  of  the  conductivity  and  those  of 
Kohlrausch  and  Deguisne  agree  within  I  per  cent.,  and  that  the 

1  The  aame  solution  was  always  measured  at  the  three  temperature*,  tlie  volume  beta* 
corrected  by  means  of  the  expansion-coefficient  of  water.  ( 

*  The  conductance  at  so*  of  the  resistance-cell  when  filled  with  1/50  molar  potaamm 
chloride  prepared  as  directed  in  Kohlrausch  and  Kolborn's  **  I^tvermAgen  der  Bkktro- 
lyte,"  page  77,  was  0.0091 16  and  0.0091 14  respectively  before  and  after  the  hydrochloric  add 
measurements.  This  value  was  divided  into  the  constant  0.009501  given  on  page  a* 
yielding  0.1744  as  the  cell  constant 

*  Wied.  Arm.  Phyt.y  66, 811  (1898). 

*  Kohlrausch  and  Holborn's  'Xeitvermogen  der  Slefctrolyte,"  pp.  11,  109. 
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changes  of  conductivity  with  the  temperature  agree  almost  com- 
pletely. The  temperature-coefficient  is,  moreover,  almost  exactly 
the  same  at  the  two  dilutions  when  expressed  in  percentage  of  the 
value  at  20 ° ;  namely,  between  io°  and  300,  it  is,  according  to  our 
determinations,  1.605  per  degree  at  1/58  molar,  and  1.607  at  I/252 
molar. 

X.      THE  EQUIVALENT  CONDUCTIVITY  OF  DISSOCIATED  HYDROCHLO- 
RIC ACID  AND  OF  THE  HYDROGEN  ION. 

The  equivalent  conductivity  of  the  chlorine  ion  at  180  and  iis 
temperature-coefficient  between  20  and  34 °  has  been  calcujated  by 
Kohlrausch1  on  the  basis  of  the  exact  conductivity  determinations 
of  Kohlrausch  and  Maltby  on  potassium  chloride,  the  temperature- 
coefficients  of  Deguisne,  and  the  value  0.503  for  the  transference 
number  of  the  anion  in  potassium  chloride.  The  conductivity 
values  extrapolated  for  infinite  dilution  were  made  the  subject  of  a 
careful  study,  and  that  adopted  for  potassium  chloride  is  undoubt- 
edly the  best  that  can  be  obtained.  It  seems  to  us  desirable,  how- 
ever, to  review  briefly  here  the  recent  determinations  of  the  trans- 
ference-numbers of  potassium  chloride,  in  order  to  arrive  at  the 
best  possible  value  and  to  form  an  estimate  of  its  accuracy; 
especially  since  new  determinations  have  been  published  since 
Kohlrausch's  calculations  were  made.  All  the  recent  results 
(multiplied  by  1000)  are  summarized  in  the  following  table. 

Dilution    Number  of     Mean      A.D.  of 
Investigator.  Temperature,    in  liters,  experiments,  value.       mean. 

Beta* 9°-I2°         12-90  3.5*  505.1         0.6 

Jahn  and  Bogdan1 .  i8°-i9°        30-120        11  503.2       0.5 

Steele  and  Denison*    ....  200-400         9  504.8       0.7 

Final  mean,  504.4        0.5 

As  there  is  no  indication  that  the  transference  number  changes 
appreciably  with  the  temperature  or  concentration,  we  adopt  as 
the  most  probable  value  the  mean  result  from  these  three  series  of 
experiments  (504.4).  We  have  then  multiplied  this  by  Kohl- 
rausch's conductivity  values  for  potassium  choride  at  the  three 

>  Stixsttngiber  kbnigi.  preuss.  Akad.  der  Wiss.,  (1900),  p.  1003 ;  (1901),  p.  1031. 

•  Ztschr.  phys.  Chem.y  97,  so  ( 1898). 

•  /Wi„  37.  684  (1901). 

«  Ibid.,  40,  753:  Trans.  Chem.  Soc.,  81,  468  (1902). 

•  Beta  attributes  to  two  of  his  experiments  a  weight  of  1/4  each. 
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temperatures.     The  values1  so  obtained  for  the  chorine  ion  are: 

CI' :  54.5  at  io°,  68.5  at  200,  83.3  at  300. 

By  combining:  these  values  with  the  final  means  of  our  trans- 
ference experiments  with  the  1/60  molar  hydrochloric  acid  solu- 
tion, the  following  values  of  the  equivalent  conductivity,  in  recip- 
rocal ohms,  of  completely  dissociated  hydrochloric  acid  are  ob- 
tained : 

H*+  CI':  343.6  at  io°,  409.1  at  200,  469.7  at  300. 

The  accidental  errors  in  these  results  can  be  equalized,  and  a 
further  indication  of  their  magnitude  obtained,  by  calculating 
from  each  of  the  three  values  the  other  two  by  means  of  the 
temperature-coefficient  of  the  conductivity  of  dilute  hydrochloric 
acid.  It  has  already  been  shown  in  Section  IX  that  Deguisne's 
value  of  this  coefficient  is  in  close  agreement  with  our  own,  and 
that  the  coefficient  does  not  change  appreciably  with  the  dilution. 
Employing  his  value,1  the  following  results  are  obtained,  the  one 
which  forms  the  basis  of  the  calculation  being  printed  in  italics. 

30°. 
473.o 
473.2 
469.7 

We  assign  to  the  results  based  upon  the  io°  and  200  values 
twice  as  much  weight  as  to  that  based  upon  the  300  value  because 
of  their  agreement  and  its  divergence,  and  especially  because  the 
transference  numbers  of  potassium  chloride  were  determined  be- 
tween io°  and  200,  and  its  molar  conductivity  at  infinite  dilution 
was  accurately  deduced  for  180,  the  values  of  these  quantities  at 
300  being  based  upon  the  assumption  of  a  temperature-coefficient 
of  zero  for  the  transference-number  and  upon  one  for  the  con- 

1  The  transference  numbers  of  sodium  chloride  furnish  an  independent  means  of 
deriving  these  conductivities ;  but  these  numbers  vary  with  the  temperature,  and  the  de- 
terminations of  them  are  less  numerous.  The  only  ones  that  are  of  significance  to  us  are 
those  of  Bein  around  io°,  from  which  is  derived  a  value  at  io°,  of  614.9  ( A.D.  2.0 ;  7  experi- 
ments) and  those  of  Jahn  and  Bogdan  at  18.5°  from  which  is  derived  with  the  help  of 
Bein's  temperature-coefficient  a  value  at  ao°  of  603.3  (A.D.  0.3;  12  experiments).  By 
multiplying  Bein's  result  by  Kohlrausch's  value  of  the  conductivity  at  infinite  dilution  of 
sodium  chloride  (89.87)  we  get  55.3  at  io°  for  the  chlorine  ion ;  but,  owing  to  the  Itrge 
A.D.  of  the  former  value,  very  little  weight  is  to  be  attached  to  this  result  in  comparison 
to  that  attached  to  the  one  from  the  potassium  chloride  experiments.  Prom  Jahn  and 
Bogdan's  transference  value  we  get  6S.7  at  ao°  for  the  chlorine  ion  in  close  agreement 
with  that  derived  through  potassium  chloride. 

•  L,  =  I<i8  [1  +0.0164  ('— 18)  —0.000015  (/— 18)*]. 
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ductivity  derived  from  values  less  carefully  -determined 
than  those  at  i8°.  Taking  the  means  under  this  assign- 
ment of  weights,  .and  interpolating  with  the  help  of  De- 
guisne's  temperature-coefficient  for  i8°  and  25  °,  we  get  the  fol- 
lowing final  values  for  the  equivalent  conductivity  in  reciprocal 
ohms  of  completely  dissociated  hydrochloric  acid  and  of  the 
hydrogen  ion: 

io°.  180.  vtP.  25°.  scP. 

H-  +  C1' 343.2  3955  408.5  440.7  472.4 

H- 288.7  329.8  340.0  364.9  389.1 

XI.      PROBABLE  ACCURACY   OF  THE   FINAL   CONDUCTIVITY   VALUES. 

Aside  from  the  uncertainty  in  the  assumption  that  the  transfer- 
ence-number of  hydrochloric  acid  has  the  same  value  at  extreme 
dilution  as  at  one  of  60  liters,  a  fair  estimate  can  be  formed  of  the 
probable  accuracy  of  these  final  results  through  a  consideration  of 
the  data  upon  which  they  are  based.  It  will  be  recalled  that  the 
three  factors  involved  are  the  molar  conductivity  and  the  transfer- 
ence-number of  completely  dissociated  potassium  chloride  and  the 
transference-number  of  1/60  molar  hydrochloric  acid :  ( 1 )  In  re- 
gard to  the  first  of  these,  Kohlrausch  shows  that  the  formula 
which  he  employs  for  expressing  the  change  of  conductivity  with 
the  dilution  gives  interpolated  values  between  0.1  and  0.000 1 
molar  agreeing  with  the  observed  ones  within  0.1  per  cent.  We 
may  therefore  estimate  that  the  value  extrapolated  for  zero  con- 
centration is  probably  in  error  by  only  a  little  greater  amount,  say 
by  0.2  per  cent. ;  (2)  The  average  deviation  of  the  mean  value  of 
the  transference-number  for  potassium  chloride  from  the  three 
series  of  independent  determinations  was  seen  above  to  be  0.1  per 
cent. :  and  as  this  transference-number  shows  no  variation  between 
1/12  and  1/400  normal,  there  is  probably  no  error  in  the  assump- 
tion that  it  has  the  same  value  at  infinite  dilution;  (3)  The  aver- 
age deviation  of  the  final  means  of  the  hydrochloric  acid 
transference  number  was  about  0.1  per  cent.  From  this  estimate 
and  these  deviations,  we  find  the  average  deviation  or  probable 
error  of  the  final  values  of  the  conductivity  of  H#  +  CI'  and  H# 
to  be  0.25  per  cent.  Assuming  that  the  actual  error  in  each  of  the 
three  factors  was  twice  its  percentage  average  deviation,  and  that 
the  effect  of  these  errors  all  lay  in  the  same  direction,  the  error  in 
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the  final  result  would  be  0.8  per  cent.  This  may  be  regarded  as  a 
limit  which  it  is  almost  certain  is  not  exceeded  by  the  effect  of  the 
errors  arising  from  all  sources  except  the  assumption  that  the 
hydrochloric  acid  transference  value  does  not  change  with  the 
dilution  after  60  liters  are  reached.  It  is  not  probable  that  any 
considerable  error  arises  through  this  assumption ;  but  there  is  a 
possibility  that  the  final  conductivity  values  are  1  to  2  per  cent,  too 
high  as  a  result  of  it  (see  Section  VIII).  The  uncertainty  can  be 
removed  only  by  transference-determinations  at  a  greater  dilution, 
which  will  be  undertaken  in  this  laboratory  as  soon  as  the  oppor- 
tunity offers. 

XII.      COMPARISON    WITH     PREVIOUSLY    ADOPTED    VALUES. 

It  is  of  interest  to  compare  our  final  values  with  those  that  have 
been  previously  employed.  Ostwald1  estimated  ten  years  ago 
upon  the  basis  of  the  then  existing  conductivity  values  that  the 
equivalent  conductivity  at  250  of  the  hydrogen  ion  was  345  when 
expressed  in  reciprocal  ohms ;  and  it  is  this  value  that  has  been 
used  in  almost  all  the  calculations  of  the  dissociation  and  the 
dissociation-constants  of  acids.  The  value  to  which  this  investi- 
gation has  led  is,  however,  365,  which  is  5.8  per  cent,  higher  than 
that  commonly  employed. 

Kohlrausch*  has  very  recently  adopted  318  as  the  most  probable 
value  at  180.     Our  value  is  330,  which  is  greater  by  3.8  per  cent. 

In  spite  of  the  fact  that  a  small  degree  of  uncertainty  attaches  to 
our  results  for  the  reason  stated  in  the  preceding  section,  we 
believe  that  they  rest  upon  a  more  satisfactory  foundation  than 
do  the  older  ones,  winch  were  based  upon  an  almost  unguided 
extrapolation  from  the  conductivity-values  of  acids. 

Boston,  Mass.,  July,  190a. 

»  "Lehrbuch  der  allgemelnen  C hemic,"  Vol.  II.  part  x,  p.  675. 
1  SiUungsteri  der  kdnigl.  preuss.  A  had.  dtr.  Wiss.y  (190a),  p.  1031. 
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SOME  PRELIMINARY  EXPERIMENTS  UPON  THE  CLINK- 

ERINO  OP  PORTLAND  CEMENT. 

By  E.  D.  Campbkll. 
Received  July  i,  190s. 

As  the  work  which  was  begun  in  this  laboratory  about  three 
years  ago  on  the  constitution  of  hydraulic  cements  progressed,  it 
became  more  and  more  evident  that  if  real  progress  was  to  be  made 
in  our  knowledge  of  cements,  the  various  factors  entering  into  the 
problem  must  be  considered  separately.  The  experiments  de- 
scribed in  the  present  paper  were  performed  by  Messrs.  C.  A. 
Burck,  A.  G.  Smith  and  W.  B.  Cady,  and  I  wish  here  to  acknowl- 
edge my  indebtedness  to  them  for  the  care  with  which  they  have 
carried  on  the  work.  The  object  of  these  preliminary  experiments 
was  to  furnish  a  basis  on  which  a  complete  series  of  experiments 
could  be  based  which  should  show  the  exact  relation  between  the 
chemical  composition  of  a  slurry  and  the  temperature  required  for 
burning.  When  the  exact  influence  of  each  constituent  upon  the 
property  of  a  clinker  produced  at  a  given  temperature  has  been 
determined,  we  may  then  begin  to  study  systematically  the  in- 
fluence of  variations  in  mechanical  treatment,  subsequent  to  the 
formation  of  the  clinker,  on  the  properties  of  the  finished  cement. 

The  influence  of  the  many  factors  such  as  fineness  of  grinding, 
ageing,  per  cent,  of  gypsum  used,  and  the  method  of  mixing  and 
working,  which  come  into  play  after  the  clinkering  is  completed,  has 
been  studied  by  others  much  more  carefully  than  h^s  the  influence 
of  each  factor  which  determines  the  constitution  of  the  clinker. 
Of  these  latter  factors  those  which  must  be  considered  are :  silica 
free  or  combined,  alumina,  ferric  oxide,  calcium  oxide,  magnesium 
oxide,  the  fineness  of  division  and  physical  state  of  the  raw 
material,  the  temperature,  the  atmosphere  within  the  furnace 
whether  oxidizing  or  reducing,  and  the  time  during  which  the 
material  is  under  treatment.  So  far  as  we  are  aware  the  only 
experimental  work  which  has  been  done  to  determine  the  relation 
of  the  chemical  composition  of  the  material  under  treatment  and 
the  temperature  employed  in  burning,  is  that  of  A.  Meyer, 
Thonindustrie  Zeitung,  73,  1201,  abstracted  by  S.  B.  Newtcrry  in 
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Cement,  2,  350.  Meyer's  results,  which  were  obtained  by  most 
careful  and  painstaking  experiments,  illustrate  better  the  condi- 
tions found  in  fixed  kilns  than  in  the  rotary  furnaces  so  generally 
used  in  this  country.  Meyer  made  three  mixtures  and  burned 
each  mixture  nominally  at  four  different  temperatures.  The  ma- 
terial for  each  burning  was  placed  in  a  stationary  furnace  and 
raised  by  means  of  a  gas  burner  to  a  specified  temperature  which 
was  indicated  by  means  of  a  Seger  cone.  No  statement  is  made 
as  to  the  length  of  time  during  which  the  material  was  heated  or 
whether  any  means  were  employed  to  show  variations,  especially 
lowering  of  the  temperature  below  the  maximum  indicated  by  the 
cones  during  the  burning.  In  heating  a  considerable  mass  of 
material  in  a  stationary  furnace  it  would  be  extremely  difficult  if 
not  impossible  to  have  all  the  material  obtain  the  same  temperature 
for  the  same  length  of  time.  Possibly  Meyer's  results  would 
represent  those  obtained  from  clinker,  part  of  which  had  not 
attained  the  temperature  indicated.  It  was  on  account  of  this 
difficulty,  amounting  almost  to  impossibility  of  heating  a  mixture 
in  a  stationary  furnace  uniformly  and  for  the  same  length  of  time, 
that  the  fixed  form  of  furnace  was  abandoned  in  this  laboratory 
and  a  rotary  kiln  devised.  A  detailed  description  of  the  rotary 
kiln  employed  in  the  work  described  in  this  paper,  will  be  found  i.i 
this  Journal,  24,  248. 

In  the  experiments  herein  described  we  have  tried  to  pay  close 
attention  to  all  the  factors  which  might  enter  into  the  formation  of 
the  clinker.  All  raw  material  was  carefully  dried  and  ground 
fine  enough  to  pass  a  100-mesh  sieve,  the  thoroughly  dried  finely 
ground  material  was  analyzed,  and  from  materials  thus  prepared 
the  various  mixtures  used  in  the  different  experiments  were  made 
and  the  composition  of  the  resulting  clinker  calculated.  The 
composition  of  the  dried  materials  used  is  given  in  the  following 
table: 

Loss  on 
SiOg.  AljOa-         Fe,03.        CaO.         MgO.     ignition. 

Art.  clay 67.95  15.76  5.64  1.19  2.02  5.22 

Pen.  clay 64.90  18.06  3.47  2.34  1.34  9.06 

Syn.clay 55.32  11.78  21.53  2.43  1.82  6.72 

No.  3  shale 53.05  26.59  5-87  1M  x.51  9.87 

Kaolin 47.35  36.66  1.85  0.40  0.25  12.50 

L.  W.  marl 1.21  0.25  0.25  52.89  0.89  44.58 
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The  slurries  for  burning  were  all  prepared  in  as  nearly  the  same 
way  as  possible,  following  the  method  given  in  the  description  of 
the  rotary  kiln  referred  to  above.  The  marl  required  for  100 
grams  of  clay  or  shale  was  calculated  in  each  case  and  sufficient  of 
each  taken  to  make  from  4  to  5  kilograms  of  dried  slurry.  The 
clay  or  shale  was  disintegrated  with  an  amount  of  water  equal  to 
that  pf  the  dry  materials  and  the  marl  then  stirred  in.  This  slurry 
was  then  evaporated  with  frequent  stirring  to  the  proper  con- 
sistency for  rolling  out  and  cutting  into  cubes  for  drying. 

In  order  to  control  the  temperature  the  pressure  in  the  gasoline 
tank  was  maintained  steadily  throughout  the  work  between  48  and 
50  pounds.  When  the  pyrometer  indicated  that  the  furnace  >yas 
at  the  lowest  temperature  at  which  it  was  desired  to  begin  to 
collect  clinker,  feeding  was  begun.  A  number  of  experiments 
having  shown  that  with  50  pounds'  pressure  in  the  gasoline  tank 
the  maximum  temperature  was  about  35  °  C.  higher  than  that  re- 
corded by  the  stationary  couple  used  in  controlling  the  tempera- 
ture, the  temperatures  given  in  the  following  tables  are  all  those 
of  this  hottest  zone,  that  is,  35  °  C.  higher  than  was  actually 
measured  by  the  stationary  couple.  The  thermocouple  used  in  this 
work  was  calibrated  by  direct  comparison  with  a  similar  couple 
whose  electromotive  force  was  certified  by  the  physikalische- 
technische  Reichsanstalt.  From  time  to  time  the  couple  was 
tested  for  constancy  of  electromotive  force.  The  electromotive 
force  of  the  couple  did  not  change  until  after  Experiment  98,  when 
a  temperature  of  16180  C.  actual  having  been  attained,  the  wires 
became  somewhat  roughened  and  the  electromotive  force  lowered 
but  remained  constant  during  the  next  three  experiments.  When 
it  became  necessary  after  Experiment  101  to  replace  the  porcelain 
insulating  tubing,  an  entire  new  couple  was  made  with  an  electro- 
motive force  practically  equal  to  that  of  the  original  couple. 

When  the  rotary  is  making  a  single  revolution  in  about  one 
minute  and  twenty-five  seconds  and  has  a  pitch  of  6  per  cent., 
the  first  pieces  of  clinker  usually  come  through  the  furnace  in 
from  twenty-five  to  thirty  minutes.  -This  is  not,  however,  the 
real  time  of  passage,  for  these  first  pieces  have  nothing  to  impede 
their  progress  and  pass  through  the  furnace  more  quickly  than 
-when  the  furnace  is  fully  charged.    The  real  time  of  passage  was 
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determined  by  making  a  very  basic  slurry  with  pure  kaolin  an.., 
introducing  single  pieces  of  this  slurry  at  intervals  of  about  fifteen 
minutes  during  the  burning  of  one  of  the  slurries  containing  con- 
siderable '  ferric  oxide.  The  clinker  resulting  from  the  kaolin 
being  different  in  color  from  the  rest  was  readily  recognized  and 
the  average  time  of  passage  of  these  pieces  was  found  to  be  about 
one  hour  and  fifteen  minutes.  When  the  speed  of  the  rotary  was 
reduced  so  that  a  single  revolution  required  two  minutes  and 
forty-five  seconds,  the  time  of  passage  was  increased  to  an  average 
of  two  hours  and  nineteen  minutes.  In  the  following  experiments 
those  which  were  made  with  the  higher  speed  and  shorter  time 
of  passage  are  marked  only  with  a  number,  while  those  made  with 
the  slower  speed  and  longer  time  of  passage  are  indicated  by  a 
letter,  A,  following  the  number ;  thus  Experiment  94A  was  made 
with  the  same  slurry,  etc.,  as  Experiment  94,  but  with  longer  time 
of  burning. 

When  from  80  to  100  grams  of  clinker  had  been  collected 
at  a  given  temperature,  kept  constant  within  5°  or  less,  the 
temperature  was  raised  from  220  to  30  °  C.  and  kept  constant  for 
ten  minutes  before  commencing  to  collect  another  sample.  In  this 
way  a  series  of  samples  was  collected  at  gradually  increasing 
temperatures  until  the  "overburning"  temperature  was  attained. 
By  the  term  "overburning  temperature"  is  here  meant  that 
temperature  at  which  the  individual  pieces  of  clinker  begin  to 
stick  together  or  ball-up.  This  is  the  highest  temperature  at 
which  samples  can  be  collected.  Experiment  98  was  the  only  one 
of  this  series  in  which  this  overburning  temperature  was  not 
reached.  The  progressive  changes  of  appearance  of  the  clinkers 
with  increase  of  temperature  are  quite  marked  even  for  the  com- 
paratively small  intervals  of  temperature.  All  the  pieces  produced 
at  the  same  temperature  are  practically  identical  in  appearance  but 
in  most  cases  the  successive  samples  are  readily  distinguished 
from  each  other.  With  increasing  temperature  the  material 
passes  gradually  from  white  or  nearly  white  to  deep  brown  or 
nearly  black  in  color  with  marked  contraction  in  volume  as  the 
sintering  becomes  more  and  more  complete  until  the  clinker  pro- 
duced at  the  highest  temperature  has  a  more  or  less  glazed  appear- 
ance as  distinguished  from  the  dull  color  of  the  preceding  sample. 

It  was  noticed  during  some  of  the  experiments  that  if  the  per 
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cent,  of  carbon  monoxide  in  the  escaping  gases  was  allowed  to 
exceed  0.3  per  cent,  the  clinker  assumed  a  yellowish  brown  color 
instead  of  the  familiar  deep  brown  or  blade  of  properly  burned 
clinker,  and  the  cement  produced  from  it  was  off  color  instead  of 
the  normal  color  of  good  cement.  Tfie  extent  to  which  the 
chemical  composition  of  the  clinker  is  altered  by  carbon  monoxide 
has  not  been  thoroughly  investigated  as  yet  but  we  hope  to  do 
some  more  work  on  this  question  at  a  later  date. 

It  was  thought  that  a  measure  of  the  volume  occupied  by  1  gram 
of  the  clinker  would  be  a  much  better  indication  of  the  shrinkage 
due  to  the  sintering  of  the  material  than  a  determination  of  the 
specific  gravity  of  the  powdered  material ;  this  "volume  per  gram" 
of  the  clinker  was  measured  in  the  following  way  and  is  given  in 
the  table  under  the  various  experiments.  About  ten  grams  of 
unbroken  pieces  of  clinker  were  placed  in  a  small  flask  containing 
sufficient  glycerine  to  cover  the  pieces  and  the  flask  was  then 
attached  to  an  aspirator  and  exhausted  until  the  pores  of  the 
clinker  were  filled  with  glycerine.  A  burette  was  filled  with 
glycerine  to  within  10  cc.  of  the  zero  point.  The  pieces  of  clinker 
were  then  removed  from  the  flask  and  wiped  lightly  on  the  outside 
with  a  cloth  saturated  with  glycerine,  and  these  pieces  of  clinker 
with  the  pores  filled  with  glycerine  were  then  dropped  into  the 
burette  and  the  volume  of  glycerine  displaced  read  off  and  calcu- 
lated to  the  "volume  per  gram"  of  the  clinker.  As  soon  as  the 
volume  displaced  by  the  first  sample  has  been  determined,  enough 
glycerine  may  be  drawn  off  to  again  bring  the  level  of  the  glycer- 
ine to  the  starting  point  and  the  volume  of  the  second  sample  de- 
termined without  removing  the  first  and  so  on  until  the  burette  is 
full.  This  method  of  determining  the  volume  per  gram,  and 
hence  the  shrinkage,  gives  rapid  and  much  more  satisfactory  re- 
sults than  are  obtained  by  determining  the  specific  gravity  of  the 
powder. 

All  samples  of  clinker  after  collecting  were  kept  in  tightly  stop- 
pered bottles  until  ready  for  grinding  and  making  pat  tests  which 
was  usually  done  within  two  or  three  days  from  the  time  of  burn- 
ing. A  portion  of  the  crushed  clinker  was  mixed  in  most  cases 
with  2  per  cent,  of  plaster  of  Paris,  although  in  a  few  instances  3 
per  cent,  had  to  be  used.  The  amount  employed  is  given  under 
each  experiment.    After  mixing  with  the  plaster  of  Paris  the 


974  &•  D-  CAMPBELL. 

clinker  was  ground  until  all  of  it  would  pass  a  ioo-mesh  sieve. 
The  per  cent,  of  water  required  for  normal  consistency  was  deter- 
mined by  adding  water  to  a  weighed  amount  of  the  cement  with 
thorough  mixing  until  a  ball  of  the  material  about  one-half  inch  in 
diameter  when  dropped  from  a  distance  of  about  12  inches  would 
flatten  slightly  but  would  not  crack.  The  time  of  setting  was  de- 
termined upon  pats  made  with  the  required  amounts  of  water 
using  needles  of  x/lt  and  X/M  inch  in  diameter  weighted  with  7< 
and  1  pound  respectively  for  initial  and  final  sets.  The  time  of 
the  initial  and  final  set  was  taken  as  that  when  the  above  needles 
just  failed  to  make  an  impression  on  the  pat.  Unless  care  is  used 
to  have  the  glass  on  which  pats  are  made  strictly  clean  a  pat  will 
often  come  loose  which  would  otherwise  adhere  and  give  a  perfect 
boiling  test.  The  boiling  test  was  made  on  pats  which  had  stood 
twenty- four  hours  in  a  damp  atmosphere.  They  were  placed  in  a 
frame  supported  in  a  continuous  water-bath ;  the  bath  was  then 
lighted  and  the  water  brought  to  the  boiling-point  and  kept  boiling 
for  twenty-four  hours  when  the  pats  were  removed  and,  after 
cooling,  examined.  The  details  of  the  influence  of  temperature 
upon  shrinkage,  amount  of  water  required,time  of  setting  and  boil- 
ing tests  upon  various  mixtures  are  given  in  the  following  tables 
under  the  various  experiment  numbers.  The  proportion  of  clay 
or  shale,  and  marl  used  in  each  mixture  and  the  molecular  formula 
of  the  clinker  reduced  to  a  basis  of  100  molecules  of  silica  in  each 
case  is  also  given. 

Table  I.— Experiment  103. 

Grams. 

Art.  clay 100 

L.  W.  Marl 275 

Composition  of  clinker:  Si02,  28.83 ;  Al,0„  6.65;  Fe,0„2.i5;  CaO, 
59.61 ;  MgO,  1.80. 

Molecular  formula:  100(1.868  CaO,  0.091  MgO,  SiO,)  +  13.4(2  CaO.Al,0,) 
+  2.8(2  CaO.Fe,Os). 

Eight  samples  of  clinker  collected  and  ground  with  3  per  cent,  plaster  of 
Paris. 
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i 

•1 
8. 

a 

a 

« 

1 

* 

a 
4 

Maximum  tc 
ainre. 

i 

8 

a 
1 

• 

Si 

IS 

Boiling  test. 

1 

1395 

O.78 

27 

14 

3IO 

Badly  warped,  one  crack,  weak. 

2 

1419 

O.76 

*7 

IX 

276 

Badly  warped,  large  cracks,  weak. 

3 

1443 

O.74 

as 

10 

208 

Slightly  warped,  no  cracks,  strong. 

4 

1467 

O.64 

24 

9 

14 

Perfect 

5 

1493 

O.60 

24 

5 

12 

Perfect. 

6 

1515 

O.55 

24 

10 

25 

Perfect. 

7 

1537 

O.46 

24 

7 

35 

Perfect. 

8 

1549 

O.38 

24 

6 

*5 

Perfect. 

Table  II.— Experiment  98. 

Grams. 

Art  clay 100 

L.  W.  marl 339.3 

Composition  of  clinker  :  SiO„  25.48;  Al^O,,  5.87;  Fe,Ot,  2.29;  CaO,  63.87; 
MgO,  1.79. 

Molecular  formula:  100(2.347  CaO,  0.105  MgO,  SiO,)  +  i3.5(2CaO.  AltO,)  + 
4.4(2  CaO.Fe,0,). 

Fourteen  samples  of  clinker  collected  and  ground  with  2  per  cent,  plaster 
«f  Paris. 


• 

I* 

J! 

1 

a 

* 

a 
4 

X 

1 

! 

a 

a  . 

ft 

1353 

a 

£ 

i 
i 

a 

1 

O.65 

• 

a! 

Si 

165 

is 
193 

Boiling  test. 
Disintegrated. 

2 

1381 

O.65 

30 

no 

260 

Expanded  over  edge  of  glass,  easily 
rubbed  to  sanaT 

3 

1405 

O.65 

29 

91 

246 

Not  warped,  expanded,  rather  weak. 

4 

1427 

O.61 

29 

100 

290 

Slightly  warped,  moderately  ex- 
panded, rather  weak. 

5 

1456 

O.60 

28 

97 

300 

Moderately  warped,  no  cracks, 
strong. 

€ 

M75 

O.59 

27 

80 

300 

Moderately  warped,  no  cracks, 
strong. 

7 

1498 

O.56 

*7 

90 

300 

Slightly  warped,  no  cracks,  very 
strong. 

S 

X521 

O.55 

25 

91 

306 

Loose  from  glass,  free  from  cracks, 
very  strong. 

9 

1545 

O.54 

«5 

84 

330 

Perfect* 

10 

X567 

O.53 

«5 

60 

240 

Off  color  due  to  carbon  monoxide. 

IX 

1589 

C%55 

25 

58 

264 

Perfect 

12 

161 1 

a  50 

25 

57 

359 

Perfect 

'3 

1633 

0.50 

25 

65 

356 

Perfect. 

*4 

1653 

0.45 

25 

59 

3«l 

Perfect 
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Table  III.— Experiment  87. 

Pen.  clay 100 

L.  W.  marl 271.3 

Composition  of  clinker  :   SiO„  28.26  ;  AltOt,  7.77  ;  Fe,Os,  1.72;  CtO, 
60.44 ;  MgO,  1.51. 
Molecular  formula:  ico(  1.90  CaOt  0.079  MgO.SiO,)  -f  16(2  CaO.AlA)  + 

2.3(2  CaO.Fe,Ot)* 

Seven  samples  of  clinker  collected  and  ground  with  3  per  cent  platter  of 
Paris. 


1 

a 

V 

u 

B 
* 

1 
\ 

m  m 

0 
£ 

i 

Water. 
Per  cent. 

Initial  set. 
Minutes. 

Pinal  set. 
Minutes. 

Boiling  test. 

I 

1337 

•  * . 

36 

12 

31 

No  cracks,  quite  strong. 

2 

1365 

*  *  * 

34 

24 

355 

Pine  cracks,  quite  weak. 

3 

1389 

... 

27 

18 

276 

Disintegrated. 

4 

1417 

... 

25 

152 

187 

Very  badly  warped,  cracked,  easily 
rubbed  to  sand. 

5 

1441 

« . . 

24 

214 

259 

Warped,  deep  cracks,  but  very 
strong. 

6 

1467 

... 

24 

204 

254 

Perfect. 

7 

1491 

... 

24 

35 

65 

Perfect. 

] 

tf  os.  1  and 

2  were 

loose  from  glass  six 

:  hours  after  making. 

: 

Hade  a  set  of  pat* 

\  with 

2  per  cent,  of 

plaster  of  Paris  as  follows  : 

a 

! 

• 

a 

£ 

a 
a 

V 

0. 
8 
& 

a 

H 
V 

8. 
1 

be 

u 

5* 

Boiling*  test 

1 

1337 

... 

34 

10 

45 

Pine  hair  cracks,  moderately  strong. 

2 

1365 

... 

31 

10 

35 

Fine  hair  cracks,  not  quite  as  strong 
as  No.  1. 

3 

1389 

... 

25 

10 

27 

Disintegrated. 

4 

1417 

•  a  • 

24 

S 

23 

Disintegrated. 

5 

1441 

•  •  • 

24 

5 

6 

Loose  from  glass,  badly  warped. 

6 

1467 

■  .  • 

24 

5 

10 

Perfect. 

7 

1491 

... 

24 

5 

11 

Perfect. 

] 

Nos.  1  and 

2  were 

loose  from  glass  eight  hours  after  making. 

Table  IV. 

—Experiment  88. 

Grams. 

L.  W.  1 
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Composition  of  clinker  :  SiO„  96.51 ;  Al^O,,  7.28 ;  FejO,,  1.63 ;  CaO, 

Molecular  formula  :  100(2.137  CaO,  0.088  MgO,SiOs)  + 16.1(2  CaO.AljO,) 
+  2.3(2  CaO.Fe,Oj). 

Nine  aamplea  of  clinker  collected  and  ground  with  2  per  cent,  of  plaster  of 
Paris. 


1 

fl 

0. 

1 

• 

i 

§ 

1 

li 

•2.8 

X 

1343 

0.83 

34 

9 

2 

1363 

0.77 

30 

10 

3 

I407 

0.66 

26 

8 

4 

1431 

0.61 

»5 

60 

5 

1453 

041 

24 

89 

6 

M63 

0.44 

H 

94 

7 

JOT 

0.41 

24 

100 

8 

1533 

0.41 

*3 

102 

9 

1553 

0.39 

»3 

137 

£3  Boiling  test 

13    Somewhat    warped,    fine  cracks, 

rather  weak. 

12    Disintegrated. 

15    Disintegrated. 

100    Badly   warped,   easily   rubbed  to 
sand. 

189    Badly  warped,  fine  cracks,  moder- 
ately strong. 

229    Loose  from  glass,  slightly  warped, 
no  cracks,  ▼cry  strong. 

240    Loose  from  glass,  not  warped,  no 
cracks,  very  strong. 

312    Perfect. 

250    Perfect. 

Nos.  x  and  2  were  loose  from  glass  six  hours  after  making. 

Tabu  V.— Bxpeeucbmt  97. 

Grama. 

Syn.  clay • 100 

L.  W.  marl 298.7 

Composition  of  clinker:  SiOfc,  22.76;  AltOkl  4.80  ;  Fe,Q,,  8.61  ;  CaO, 
61.97  ;  MgO,  1.73. 

Molecular  formula:  100(2.393  CaO,  0.113  MgO,  SiQ,)  +  12.4(2  CaO.AljO,) 
+ 13.7(2  CaO.Pe.0,). 

Twelve  ssmples  of  clinker  collected  and  ground  with  2  per  cent  of  plaster 
of  Paris. 

i  1 

i  |s     i    |J    |l    |j 

li*  >°  ^         2X         fi3  Bailing  teat 

1  1285       0.93    .56  4         63    Slightly  warped  away  from  glass, 

fine  cracks,  weak. 

2  1309       0.92       45  5         66    Slightly  warped  away  from  glass, 

quite  strong. 


97* 
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• 

a 

• 

8 

E 

I 

0 

a 

b 

V 

B 
1 

• 

-2  2 

■5* 

1* 
11 

£2 

Boiling  test 

3 

1335 

o.75 

35 

4 

9 

Slightly  warped  away  from  glass, 
cracked,  very  weak. 

4 

1359 

o.75 

30 

5 

10 

Badly  disintegrated. 

5 

1383 

0.70 

30 

34 

122 

Very  badly  disintegrated. 

6 

1407 

0.68 

28 

56 

440 

Somewhat  warped,  badly  scaled, 
weak. 

7 

1431 

0.60 

25 

40 

43* 

Moderately  warped,  numerous 
cracks,  strong. 

8 

1455 

0.52 

24 

120 

434 

Perfect. 

9 

1479 

0.50 

23 

32 

375 

Perfect. 

IO 

1505 

0.47 

21 

105 

315 

Perfect. 

II 

1526 

0.41 

21 

95 

345 

Perfect. 

12 

1549 

0.38 

21 

81 

341 

Perfect. 

Table  VI.— Experiment  102A. 

Grama. 

No.  3  shale .   100 

L.  W.  marl 124.7 

MgO 82.8,  added  in 

the  form  of  pure  magnesium  carbonate. 

Composition  of  clinker :  SiOs,  22.53  ;  Al,0If  11.11  ;  Fe,Olt  2.55;  CaO, 
28.00 ;  MgO,  35.28. 

Molecular  formula  :  ioo(CaO,  2MgO,SiO,)  +  29(CaO.MgO.Alt0t)  + 
4.2(CaO.MgO.Fe,Os). 

Six  samples  of  clinker  collected  and  ground  with  3  per  cent,  of  plaster  of 
Paris. 


• 

1- 
8 

8 

e 

2 

u 

0 
0 

a 

& 

• 

• 

V 

0. 

8 

Maxima 
ature. 

a 

9 

1 

Water. 
Per  cent. 

Initial  s< 
Minutes. 

Pinal  set 
Minutes. 

Boiling  teat. 

1 

1321 

0.86 

40 

20 

55 

Loose,  free  from  cracks,  moderately 
strong. 

2 

1347 

0.84 

39 

26 

•  • 

Loose,  free  from  cracks,  weak. 

3 

1373 

0.82 

33 

22 

•  • 

Loose,  free  from  cracks,  rather 
weak. 

4 

1395 

0.80 

34 

33 

•  • 

Loose,  free  from  cracks,  ratyer 
weak. 

5 

1423 

0.68 

32 

1232 

•  m 

Loose,  free  from  cracks,  rather 
weak. 

6 

1445 

0.44 

29 

120 

•  • 

Loose,  free  from  cracks,  rather 
weak. 
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Nos.  2,  3,  4,  5,  and  6  were  not  set  after  nine  hours ;  No.  2  was  set  after 
eighteen  hours ;  Nos.  3,  4,  and  6  set  after  twenty-two  hours ;  No.  5  was  not 
set  after  twenty -four  hours. 

This  cement  even  after  long  setting  appeared  to  crumble  more  or  less  under 
the  fine  needle,  instead  of  becoming  firm  as  with  most  hydraulic  cements. 

Tabu  VII.-- Experiment  92. 

Grams. 

No.  3  shale • 100 

L.  W.  marl 2^0.1 

Composition  of  clinker:  SiO„  24.51  ;  AljO,,  11.90  ;  Fe,0„  2.84;  CaO, 
58.63 ;  MgO,  1.64. 

Molecular  formula  :  100(1.905  CaO,  o.ioMgO,SiO,)  +  28.5(2CaO.Al4Ot) 
+  4.3(2CaO.Pe]Ot). 

Six  samples  of  clinker  collected  and  ground  with  3  per  cent,  plaster  of 
Paris. 


• 

g 

8 

a 

i 

a 

u 

s 
a 

V 

a 

i 

Maximum 
ature. 

a 
1 

Water. 
Per  cent. 

Initial  set. 
Minutes. 

1 

1336 

0.84 

40 

15 

2 

1361 

0.835 

35 

20 

3 

1391 

0.75 

30 

57 

4 

1415 

0.55 

24 

100 

5 

1427 

0.41 

24 

118 

6 

1438 

0.39 

25 

2 

1J 

s! 

£2B  Boiling  test. 

25    Rather  weak. 

105    Loose  from  glass,  rather  weak. 
107    Loose  from  glass,  badly  warped, 

cracked,  very  weak. 
145    Very  badly  warped,  cracked,  easily 

rubbed  to  sand. 
148    Very  badly  warped,  cracked,' rather 

weak. 
6    Loose  from  glass,  free  from  cracks, 

strong. 
No.  1  was  loose  from  glass  three  hours  after  making. 

Table  VIII.— Experiment  92A. 

Composition  identical  with  Experiment  92,  the  only  difference  being  in- 
creased time  of  passage  of  material  through  the  furnace. 

Four  samples  of  clinker  were  collected  and  ground  with  3  per  cent,  of 
plaster  of  Paris. 


• 

a 

a 

t 

§ 

it 

b 

5p 

a 

4 

imam 
are. 

s 

mm 

er. 
cent. 

h 

33 

¥ 

9 

1 

55 

1 

1359 

O.69 

30 

50 

2 

1383 

O.65 

27 

145 

3 

1407 

0.44 

25 

i45 

4 

H3I 

0.40 

24 

155 

•30 
8,« 


£S  Boiling  test 

225    Very  badly  warped,  cracked,  rather 

easily  rubbed  to  sand. 
220    Very  badly  warped,  cracked,  easily 

rubbed  to  sand. 
165    Very  badly  warped,  cracked,  rather 

Weak. 
205    Loose  from  glass,  free  from  cracks, 

strong. 
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Table  IX.— Experiment  9.SA. 

Grams. 

No.  3  shale ioo 

L.  W.  marl 250.1 

MgO * 18.45,  added  as 

pure  magnesium  carbonate. 

Composition  of  clinker :  SiOst  32.77  ;  AlkOtl  11.05  ;  Fe,Oj,  2.64  ;  CaO, 
54.47  J  MgO,  9.01. 

Molecular  formula :  100(1.907  CaO,  0.589  MgO,SiO,)  +  28.5(2CaO.AlsOt) 
-f  4.3(2CaO.Fe,Ot). 

Six  samples  of  clinker  collected  and  ground  with  3  per  cent,  of  plaster  of 
Pans. 

I    "       * 
§    *       t 

*   If     i    il    Jl   M 

g  HS  £  $Z,  2c  as 

,*  S  f  >{  ai  Si                            Boiling**. 

1  1335  0.89  38  6  19  Cracked,  rather  weak. 

2  1359  0.72  34  12  230  Very  badly  warped,  cracked,  very 


3  1383       0.69       32         38       292    Very  badly  warped,  easily  rubbed 

to  sand. 

4  1405       0.52       30       148       313    Very   badly   warped,    very  easily 

rubbed  to  sand. 

5  1431       0.47       25         45        195    Free  from  cracks,  slightly  warped, 

quite  weak. 

6  1455       0.39       25  6         10    Firmly  adherent  to  glass,  bat  rather 

weak. 
No.  1  was  loose  from  glass  before  submitting  to  boiling  test 

Tabus  X.— Experiment  93. 

Gram*. 

No.  3  shale 100 

L.  W.  marl % 275.3 

Composition  of  clinker:   SiO„  23.19  ;   Al,Ot,  11.24  '•  Fe^,  2.70  ;  CaO, 
60.75 ;  MgO,  1.63. 

Molecular  formula:  100(2.148  CaO,  0.105  MgO,  SiO,)  +  28.4(20*0.  AlfiJ 
+  4.4(2CaO.FetOl). 

Bight  samples  of  clinker  collected  and  ground  with  3  per  cent  of  plaster 
of  Paris. 
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• 

a 

a 

a 
* 

a 
4 

§ 

am 

Water. 
Percent. 

h 

Si 

X 

1331 

0.94 

55 

10 

2 

1357 

0.93 

50 

8 

3 

1383 

0.87 

40 

7 

4 

1407 

0.82 

35 

8 

5 

1431 

0.72 

3* 

18 

6 

1455 

0.58 

28 

ao 

7 

1481 

0.51 

24 

85 

S2  Boiling  teat. 

13    Not  cracked,  very  weak. 
2i    Not  cracked,  very  weak. 
8    Loose   from    glass,   no   cracks, 

stronger  than  No.  2. 
23    Warped,  moderately  cracked,  very 

weak. 
192    Disintegrated. 
192    Disintegrated. 

205    Loose  from  glass,  free  from  cracks, 
very  strong. 
8        1503       0.41        24         75        205    Perfect. 

Noa.  1  and  2  were  loose  from  glass  before  submitting  to  boiling  test. 

Table  XL— Experiment  ioi. 

Gram*. 

No.  3  shale 100 

L.  W.  marl 294.4 

Composition  of  clinker  :  8iO„  22.35 1  AltO*,  10.79 !  PetQ»  2.60  ;  CaO, 
62.22  ;.MgO,  1.63. 

Molecular  formula:  100(2.328  CaO,  o.i09MgO,SiOs)  +  28.3(2CaO.AltQ|)  + 
4.4(aCaO.PetOf). 

Five  samples  of  clinker  collected  and  ground  with  2  per  cent,  of  plaster  of 


• 

J 

a 

I 

a 

i 

i. 

0 
a 

it 

3 

§ 

V 

a 

9 

1 

Water. 
Per  cent. 

Initial  aet. 
Minutea. 

1 

1463 

0.60 

28 

105 

2 

1487 

0.57 

28 

80 

3 

151 1 

0.55 

*5 

138 

4 

1535 

0.51 

34 

76 

5 

1557 

0.4a 

H 

135 

as 

£5  Boiling  teat. 

134    Disintegrated. 
140    Disintegrated. 
1 56    Perfect 
139    Perfect. 

240    Off  color,  loose  from  glass,  warped, 
cracked. 
No.  1  was  loose  from  glass  before  submitting  to  boiling  test. 

Table  XII.— Experiment  94. 

Grama. 

No.  3  shale 100 

L.  W.  marl 300.8 
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Composition  of  clinker  :  SiO„  32.07 ;  A1,08,  10.64  ;  FcjO,,  2.57  ;  CaO, 
62.64  i  MgO,  1.59. 

Molecular  formula  :  100(2.385  CaO,  0.107  MgO,SiO,)  +  28.3c aCaO.AljO,) 
+  4.4(2CaO.PetOt). 

Ten  samples  of.  clinker  collected  and  ground  with  2  per  .cent,  of  plaster  of 
Paris. 


• 

J 

a 

p 

a 

V 

a. 
8 

4 

Maximum  temper- 
ature. 

Volume  per  gram, 

Water. 
Percent. 

Initial  set 
Minutes. 

I 

1359 

0.89 

60 

38 

2 

1383 

O.87 

55 

IO 

3 

1407 

O.80 

47 

5 

4 

1431 

O.71 

40 

5 

5 

1455 

O.66 

30 

65 

6 

1478 

0.54 

25 

87 

7 

1501 

O.56 

24 

94 

8 

1525 

O.496 

23 

85 

9 

1549 

O.42 

23 

105 

10 

1573 

O.40 

23 

140 

a 


a 
£5  Boiling  teat. 

360    Loose  from  glass,  fine  cracks,  rather 

weak. 

65    Loose  from  glass,  fine  cracks,  rather 


33    Badly  warped,  cracked,  difficultly 

rubbed  to  sand. 
33    Disintegrated. 
80    Disintegrated. 
105    Warped  from  glass,  cracked,  very 


100  Loose   from    glass,    sound,    very 
strong. 

101  Loose    from    glass,    sound,    very 
strong. 

165    Perfect. 
255    Perfect. 
Nos.  4  and  5  were  loose  from  glass  before  submitting  to  boiling  test. 

Tabu  XIII.— Experiment  94A. 

Composition  identical  with  Experiment  94,  the  only  difference  being  due 
to  increased  time  of  passage  of  material  through  the  furnace. 

Nine  samples  of  clinker  collected  and  ground  with  2  per  cent,  of  plaster 
of  Paris. 


a 

S        8 


l«      I    A    -$    H 

a    1*      1     12    ll     al 

&         X*  >  K         fiS         S2  Boilingteat. 

1  1359       0.78       35  58    Very  badly  cracked,  easily  rubbed 

to  sand. 

2  1383       0.67       34         15         20    Very  soft,  almost  completely  disin- 

tegrated. 
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*  I 


J   I      i 

i       h  i  **        I*         I* 

5       8*         -s        «h       Si       85 

J         *  £  »£         ,°S         M  Balling  teit 

3  1407       0.66       30         52         62    Very  soft,  almost  completely  disin- 

tegrated. 

4  1431        0.60        26         66         81    Very  badly  warped,  cracked,  easily 

rubbed  to  sand. 

5  1455       0.50       25         86        116    Warped  away  from  glass,  free  from 

cracks,  very  strong. 

6  1478       0.49       24        109        154    Perfect. 

7  1501       0.45        24       146       284    Perfect. 

8  1525       0.44       23        120        260    Perfect. 

9  1545       0.40       23        108        240    Perfect. 

No.  1  was  loose  from  glass  before  submitting  to  boiling  test. 

Tabu  XIV.— Bxpbhimbnt  96A. 

Grams. 

No.  3  shale 100 

L.  W.  marl 300.8 

MgO- 18.45,  added  as 

pure  magnesium  carbonate. 

Composition  of  clinker  :  SiO„  20.59  J    AW  9-94  I  pciOs,   2.40  ;  CaO, 
58.45 ;  MgO,  8.22. 

Molecular  formula:  100(2.387  CaO,  0.594  MgO,SiOt)  +  28.3(2CaO.AltOI)  + 
4>4(r2CaO.PetOk). 

Ten  samples  of  clinker  collected  and  ground  with  2  per  cent,  of  plaster  of 
Paris. 

at 

a      If        I       3*      IS      a§ 

i  X  >  *&         5a         S3  Boiling  te«t 

1  1361        0.73        36  3  5    Very  badly  broken,  almost  disinte- 

grated. 

2  1389       0.69       34  4         10    Disintegrated. 

3  141 1        0.61        29         65         79    Disintegrated. 

4  1437        0.59       26         94        154    Very  badly  warped,  large  cracks, 

quite  weak. 

5  1463  0.52  25  116  216  Warped,  fine  radical  cracks,  strong. 

6  1487  0.44  25  125  260  Perfect. 

7  1509  0.44  24  140  294  Perfect. 

8  1535  0.44  23  105  269  Perfect. 

9  1557  o*4i  33  92  2x2  Perfect. 
7 A  1519  0.41  23  92  240  Perfect. 
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During  the  collection  of  sample  7A  en  excess  of  gasoline  was  admitted 
into  the  furnace,  the  products  of  combustion  showing  carbon  dioxide,  9  pa? 
cent.,  oxygen,  0.20  per  cent.,  and  carbon  monoxide,  9*3  P**  cent.  The  ce- 
ment produced  was  yellowish  in  color  instead  of  the  usual  color  of  good  ce- 
ment. 

Tabu  XV.— ExPBBnaaiT  99. 

Gram*. 

No.  3  shale 100 

L.  W.  marl 318.14 

Composition  of  clinker  :  SiO„  az.34;  A^O,,  10.28  ;  Fe^O,,  2.50;  CsO, 
63.83 ;  MgO,  1.62. 

Molecular  formula:  100(2.54  CaO,  0.113  MgO,  SiO,)  +  28.3(2CaOJUA)  + 
4.4(a  CaO.Fe,0^). 

Bight  samples  of  clinker  collected  and  ground  with  2  per  cent  of  plaster 
of  Paris. 

A  a* 

1      '■ 

f  h    l  it  if  U 

z  1447  0.67  43  3  5  Completely  disintegrated. 

2  1473  0.63  37  13  15  Completely  disintegrated. 

3  1407  0.55  29  13  14  Completely  disintegrated. 

4  1523  0.52  25  100  204  Cracked,     expanded,    •  lightly 

warped,  very  weak. 

5  1545       0.50       25         96       201    Expanded,    badly    warped,   very 


6  1587       0.49       24       120       265    Warped,  free  from   cracks,  toy 

strong. 

7  ^593       0.43       24         96       219    Loose  from  glass,  very  strong. 

8  1613       C**o       23         94       304    Loose  from  glass,  very  strong. 

Tabu  XVI.— ExPBRiMBifT  100. 

Grama. 

No.  3  shale  . .  * 100 

L.  W.  marl « 353-6 

Composition  of  clinker  :  SiO„  20.07  ;  Al,Ob,  9.61  ;  Fe,0^  2.36 ;  CsO, 
66.12 ;  MgO,  1.63. 

Molecular  formula:  100(2.881  CaO,  0.121  MgO,SiO,)  +  28.i(2CaO.Al,0b)  + 
4.4(2CaO.Fe,Ot). 

Bight  samples  of  clinker  collected  and  ground  with  2  per  cent  of  platter 
of  Paris. 
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i 

*     •§§  i        *8      51       ■=! 


■      d  I 

i  u-   i   *i  11  n 


i 


-    1   * 


2.9        S° 

£2         E3  Boiling  test. 


1  1461        0.60       28        120       198    Completely  disintegrated. 

2  1485        0.55        28        128       218    Almost  disintegrated. 

3  1509       0.51        25        105        205    Very  badly  broken. 

4  1529       0.50       25        122       242    Badly   warped,    much   expanded, 

very  weak. 

5  1555       0.49       25        129       240    Badly    warped,    much    expanded, 

very  weak. 

6  1581        0.46        25        167        247    Badly   warped,    much    expanded, 

very  weak. 

7  1599       °*44       *5        *53       243    Moderately    warped,    free  from 

cracks,  very  strong. 

8  1625       0.41        24        140       245    Warped,    free  from    cracks,  very 

strong. 
No.  1  was  loose  from  glass  before  submitting  to  boiling  test. 

Tabu  XVII.— Experiment  86. 

Grams. 

Kaolin 100 

L.  W.  marl 387.24 

Composition  of  clinker :  SiO„  17.27  ;  A1,0„  12.45  '•  PeiOs»  °-93  !  £*0» 
67.92 ;  MgO,  1.23. 

Molecular  formula:  100(2.884  CaO,  0.106  MgO,SiO,)  +  42.3(3CaO.Al,Oii)  + 
2(3CaO.PetQl). 

The  separate  samples  were  not  collected  in  this  case,  but  the 
over-burning  temperature  was  found  to  be  15710  C.  After  deter- 
mining the  overburning  point  the  temperature  was  dropped  to 
1 549°  C.  and  a  single  large  sample  collected.  This  sample  ground 
with  1.5  per  cent,  of  plaster  of  Paris  required  30  per  cent,  of 
water,  gave  an  initial  set  of  five  minutes  and  a  final  set  of  nine 
minutes.  On  submitting  the  pat  to  the  boiling  test,  it  warped 
loose  from  glass,  cracked,  and  was  easily  rubbed  to  sand. 

The  phenomena  connected  with  the  time  of  setting  of  these 
cements  will  not  be  discussed  in  this  paper  but  will  be  reserved 
for  further  study.  The  amount  of  plaster  of  Paris  was  in  all  cases 
2  per  cent,  except  where  the  small  amount  of  calcium  oxide  in  the 
cement  made  3  per  cent,  necessary  in  order  to  retard  the  setting 
sufficiently  to  obtain  measurements.  The  contraction  of  the 
material  during  burning,  as  shown  in  the  tables  under  volume  per 
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gram,  increases  in  all  cases  with  increasing  temperature  up  to  the 
highest  temperature  attained.  At  the  overburning  temperature 
the  volume  per  gram  for  all  ordinary  cements  lies  within  the 
narrow  limits  of  0.38-0.42  cc.  per  gram. 

We  desire  to  discuss  more  fully  the  phenomena  connected  with 
the  clinkering  as  indicated  by  the  soundness  of  the  cement  shown 
by  the  boiling  test.  For  that  purpose  we  have  summarized  the 
more  important  data  in  Table  XVIII,  and  have  included  some 
results  given  by  Meyer  which  we  have  recalculated  to  the  same 
basis  as  our  own.  A  comparative  study  of  the  soundness 
of  the  pats  after  having  been  subjected  to  the  action  of 
boiling  water  for  twenty-four  hours  shows  most  clearly  the  rela- 
tion existing  between  the  chemical  composition  and  temperature  of 
burning.  In  any  series  the  successive  pats  show  differences  in 
behavior  in  boiling  water.  If  the  collection  be  begun  below  about 
12500  C.  the  first  pats  will  come  loose  from  the  glass  soon  after 
making  but  will  become  quite  strong  and  remain  sound  and  free 
from  cracks  under  the  boiling  test.  As  the  temperature  of  burn- 
ing rises,  the  pats  begin  to  crack  more  and  more,  then  go  to  pieces 
and  finally  nearly  or  quite  completely  disintegrate.  With  further 
increase  of  burning  temperature  the  extent  of  disintegration 
diminishes  until,  if  the  cement  is  properly  proportioned,  the  pats 
again  become  sound  and  strong,  remaining  firmly  attached  to  the 
glass.  Further  increase  of  temperature  does  not  affect  the  sound- 
ness of  the  pat  unless  carbon  monoxide  is  present  in  the  furnace 
gases.  In  this  case  the  pat  may  come  loose  from  the  glass  but  will 
still  remain  sound  and  strong. 

For  purposes  of  study,  three  points  have  been  selected  as  indi- 
cating important  changes  in  clinker.  Such  changes  in  condition 
of  clinker  may  indicate  formation  of  definite  chemical  compounds 
or  changes  in  the  phases  of  a  solid  solution.  The  three  points 
selected  are:  1,  temperature  of  maximum  disintegration  by  which 
is  meant  the  temperature  at  which  that  clinker  was  produced 
which,  when  made  into  pats,  showed  the  greatest  disintegration  in 
boiling  water ;  2,  temperature  of  perfect  boiling  test,  by  which  b 
meant  the  lowest  temperature  at  which  clinker  was  produced 
which,  when  made  into  pats,  remained  strong,  free  from  cracks 
and  firmly  adherent  to  the  glass  after  exposure  to  boiling  water 
for  twenty- four  hours ;  3,  overburning  temperature  by  which  is 
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meant  the  lowest  point  during  the  burning  at  which  the  individual 
pieces  of  clinker  commenced  to  stick  badly  to  each  other  or  to  the 
inside  of  the  furnace. 

The  influence  of  chemical  composition  will  be  discussed  with 
reference  to  these  three  temperatures. 

TEMPERATURE  OP  MAXIMUM  DISINTEGRATION. 

For  a  given  clay  the  ratio  CaO  to  SiOa  +  Al2Os  must  reach  a 
certain  magnitude  before  the  pats  will  completely  disintegrate. 
Experiments  103,  102A,  and  87  did  not  completely  disintegrate 
for  any  temperature.  Any  increase  in  the  calcium  oxide  over  this 
minimum  amount  for  any  given  clay  does  not  increase  the  temper- 
ature of  maximum  disintegration. 

Experiment 92  93  94 

Temperature 14150  143*0  14310 

The  temperature  of  maximum  disintegration  is  lowered  by  in- 
creasing the  time  of  passage  through  the  furnace. 

Experiment  92  92 A  94  94A 

Temperature 14  \$°      13830  1431  °      13830 

When  the  ratio  of  CaO  to  SiO,  +  AlsO,  is  enough  for  com- 
plete disintegration  the  addition  of  MgO  does  not  change  the 
temperature  of  maximum  disintegration. 

Experiment  92 A        95A  94A        96A 

Temperature 13830      13830  13830      13890 

The  substitution  of  RjO,  for  SiOa  materially  raises  the  temper- 
ature of  maximum  disintegration. 

Experiment 87  92  88  93  98  94 

Temperature 13890      14150  13630      14310  13530      14310 

For  a  given  clay  the  amount  of  water  required  for  normal  con- 
sistency increases  with  increase  of  CaO  provided  the  time  of 
passage  through  the  furnace  is  kept  constant. 

Experiment 92       93       94  92A        94A 

Per  cent,  water 24       32       40  27  34 

TEMPERATURE  FOR  FIRST  PERFECT  HOT  TEST. 

For  a  given  clay  the  burning  temperature  necessary  to  obtain  a 
perfect  hot  test  increases  with  increase  of  CaO. 


Experiment.  103       98 

1       87       88 

92        93 

101        94       99 

Temperature  14670  15450 

14670  !533° 

14380  15030 

15 1 19  15490  1593° 
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This  temperature  is  lowered  by  increase  of  time  of 
through  the  furnace. 

Experiment 92  92A  94  94A 

Temperature 14380      1431°  1549°      1478° 

When  the  ratio  of  CaO  to  SiOf  -f  Ai,Oa  is  enough  to  ensure  a 
perfect  boiling  test  at  some  temperature,  the  addition  of  MgO  does 
not  materially  raise  the  temperature  necessary  to  obtain  clinker 
giving  a  perfect  boiling  test. 

Experiment 92A1       95A  94A        96A 

Temperature 143 1°      14550  1478°      14870 

The  substitution  of  RjO,  for  Si02  lowers  the  temperature  for  a 
perfect  pat  when  the  ratio  of  CaO  to  acidic  oxides  is  low. 

Experiment 87  92  88  93 

Temperature 14670  143S0  15330  1503° 

With  increasing  amount  of  calcium  oxide  the  temperature  for 
perfect  hot  test  is  increased  and  the  point  is  soon  reached  when  a 
perfect  hot  test  cannot  be  obtained  at  all. 

Experiment 98  94  99  100 

Temperature 1 545°  1549°  I593°         none 

The  amount  of  water  required  for  normal  consistency  varies 

within  slight  limits  but  does  not  rise  over  25  per  cent,  irrespective 

of  the  clay  used  and  the  composition  of  cement. 

OVERBURNING  TEMPERATURE. 

For  a  given  clay  the  overturning  temperature  increases  with 
increase  of  CaO. 


103 
1549° 

98 
above  1653° 

87     88 
14910    15530 

Experiment  •  •  •    92 
Temperature ...  14  3S0 

93 

15030 

IOI 

1557°    IJ 

94      99 
573°    16130 

100 

The  overburning  temperature  is  lowered  by  increasing  the  time 
of  passage  through  the  furnace. 

Experiment 92  92A  94  94A 

Temperature 14380      1^31°  15730      1545° 

MgO  may  replace  CaO  molecularly  up  to  an  empirical  formula, 
2RO.Si02,2RO.Al108,2RO.Fe20„  without  much  change  in  over- 
burning  temperature. 

Experiment 102A  92A 

Temperature 14450  14310 

his  pat  was  free  from  cracks  but  rather  weak. 
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When  the  CaO  is  at  least  2CaO.SiO„2CaO.Al203,2CaO.Fe2Os, 
the  addition  of  magnesium  oxide  raises  the  overburning  tempera- 
ture only  slightly,  not  nearly  so  much  as  an  equivalent  amount  of 
calcium  oxide. 

Experiment  92A,  14310;  Experiment  95A,  14550.  These  have 
same  ratio  CaO  to  acidic  oxides,  but  95A  has  increased  MgO. 

Experiment  95A,  1455°  I  Experiment  94A,  15450.  These  have 
same  ratio  RO  to  acidic  oxides,  but  in  94A  the  RO  is  nearly  all 
CaO. 

Experiment  94A,  1545  °  ;  Experiment  96 A,  1557 °.  These  have 
same  ratio  CaO  to  acidic  oxides  but  96A  has  increased  MgO. 

Experiment  102 A,  1445°;  Experiment  96A,  15370;  Experi- 
ment 100,  16250.  These  have  same  ratio  RO  to  acidic  oxides  but 
102A  overburns  at  almost  same  temperature  as  92A,  96A  at 
almost  same  temperature  as  94A  which  has  same  ratio  CaO  to 
acidic  oxides,  while  100  which  has  almost  all  CaO  has  highest 
overburning  temperature  of  any. 

The  substitution  of  R203  for  Si02,  molecule  for  molecule,  ma- 
terially lowers  the  overburning  temperature. 

Experiment  87  92  88  93  98  94 

Temperature..  1 491  °      14380  15530      15030        above  16530      15730 

The  water  required  for  normal  consistency  with  overburned 
cements  is  only  slightly  less  than  that  required  for  cements  burned 
to  give  perfect  boiling  test. 

SUMMARY. 

Viewed  from  the  standpoint  of  the  influence  of  chemical  compo- 
sition upon  the  changes  in  temperature  necessary  to  produce  a 
sound  cement  and  the  temperature  at  which  the  clinker  will  give 
trouble  by  sticking  in  the  rotary,  we  find  that : 

The  minimum  temperature  necessary  to  produce  Portland 
cement  which  will  give  a  perfect  pat  test  from  fresh  clinker  is 
about  14500  C.  This  temperature  is  for  a  minimum  amount  of 
calcium  oxide.  It  increases  with  increase  of  calcium  oxide  until 
in  ordinary  commercial  cements  it  reaches  15500.  With  the  most 
heavily  limed  commercial  cements  this  figure  would  be  somewhat 
higher.  It  depends  somewhat  on  the  length  of  time  required  to 
pass  through  the  rotary,  slow  driving  tending  to  lower  the  temper- 
ature.   The  substitution  of  Al2On,  or  Fe2Oa  for  Si02,  that  is,  the 
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use  of  a  richer  clay,  lowers  the  overturning  temperature  but  may 
lower  or  raise  the  temperature  required  for  perfect  boiling  test. 
With  mixtures  low  in  calcium  oxide,  the  burning  temperature  for 
perfect  boiling  test  is  lowered  by  this  substitution,  but  with  mix- 
tures  high  in  calcium  oxide  the  burning  temperature  required  for 
perfect  boiling  test  is  raised  and  may  become  coincident  with  the 
overburning  temperature.  Any  attempt  to  raise  the  overburning 
temperature  by  increasing  the  proportion  of  lime  prill  fail  to  give  a 
perfect  hot  test  even  at  the  overburning  temperature,  as  illustrated 
in  Experiment  ioo.  This  is  a  confirmation  of  what  manufactur- 
ing experience  has  shown — -that  with  lean  clays  heavily  limed 
there  is  a  wide  margin  between  the  proper  clinkering  temperature 
and  the  overburning  temperature,  while  with  rich  clays  in  order 
to  prevent  the  clinker  from  balling-up,  great  care  must  be  exer- 
cised to  maintain  the  proper  clinkering  temperature.  With  the 
amount  of  calcium  oxide  found  in  ordinary  cement  the  intro- 
duction of  8  or  9  per  cent,  of  magnesium  oxide  has  but  little 
influence  on  the  temperature* for  perfect  boiling  test  or  overburn- 
ing temperature.  So  far  as  the  clinkering  is  concerned,  magnesia, 
as  has  been  maintained  by  Newberry,  acts  as  an  inert  substance. 

While  the  conclusions  above  set  forth  seem  to  be  fully  war- 
ranted by  our  experiments,  we  realize  that  a  much  greater  amount 
of  experimental  research  must  be  performed,  before  the  exact 
influence  of  each  factor  influencing  the  clinkering  of  cement  can  be 
determined  with  certainty.  In  the  light  of  the  knowledge  gained 
by  the  present  set  of  experiments,  we  are  planning  a  much  more 
complete  series  upon  which  we  hope  to  report  at  some  future  date. 
In  this  new  series  we  intend  to  include  more  cements  whose 
basicity  shall  be  equal  to  or  greater  than  that  found  in  the  com- 
mercial cements.  We  have  excluded  from  the  present  paper  any 
discussion  of  phenomena  connected  with  the  setting  of  cement 
and  its  subsequent  behavior  aside  from  the  amount  of  water 
required  for  normal  consistency  and  the  behavior  under  the  boiling 
test.  We  have  been  studying  this  subject  also  for  the  past  three 
years  and  hope  later  to  present  some  results. 

Amr  A&BO&,  Michigan, 
June,  190a. 


ON  THE  QUANTITATIVE  SEPARATION  OF  MALTOSE  AND 

LACTOSE. 

By  Charles  I.  Boyden. 
Received  Junejo.  too*. 

The  writer,  in  the  course  of  a  study  on  the  composition  of 
sundry  infant  and  invalid  foods  now  on  the  market,  undertaken  to 
fulfil  a  thesis  requirement  for  graduation  from  the  agricultural 
department  of  the  University  of  Vermont,  found  it  necessary 
quantitatively  to  separate  maltose  and  lactose.  He  was  unable  to 
find,  either  in  the  literature  or  through  correspondence  with  sev- 
eral chemists  well  informed  in  food  analysis,  any  satisfactory 
method  to  this  end.  Such  a  separation  may  be  accomplished,  how- 
ever, by  the  use  of  a  certain  variety  of  yeast,  Saccharomyces 
anomolus,  which  removes  maltose  completely  without  acting  on 
the  lactose. 

It  is  well  understood  that  the  two  bisaccharides,  maltose  and 
lactose,  need  to  be  hydrolyzed  before  they  may  be  fermented,  and 
that  the  former  yields  two  molecules  of  glucose  and  the  latter,  one 
of  glucose  and  one  of  galactose  as  a  result  of  hydrolysis.  Glucose 
is  then  easily  fermented.  Yeasts  usually  contain  hydrolytic 
enzymes,  which  are  capable  of  changing  maltose  to  a  greater  or 
less  extent,  but  which  are  inactive  with  lactose. 

In  the  course  of  the  work  carried  out  by  the  writer  nine  differ- 
ent species  of  yeasts  were  used.  Eight  of  the  yeasts  were  obtained 
from  Krai,  and  one  was  a  pure  culture  from  ordinary  Fleisch- 
rnann's  bread  yeast.  The  yeasts  from  Krai's  laboratory  were: 
Saccharomyces  anomolus  Hansen,  S.  cerevisiae  I  Hansen,  S.  cere- 
visiae  Carlsberg  unterhefe  I  Hansen,  S.  ellipsoid eus  I  Hansen, 
5*.  farinosus  Lindner,  S.  Kephir  Beijerinck,  S.  Marxianus  Hansen, 
S.  Pastorianus  I  Hansen.  Pure  cultures  of  each  were  grown  in 
agar,  from  which  they  were  transferred  to  Pasteur's  fluid  (Strass- 
bitrger  and  Hillhouse's  formula).  Samples  of  commercial 
maltose  (66.36  per  cent,  maltose,  remainder  mostly  dextrin)  and 
lactose  of  known  composition  were  used  separately,  as  well  as  in 
mixtures  of  definite  strengths. 

From  25  to  100  cc.  of  a  solution  of  these  sugars,  usually  0.50 
per  cent,  strong  and  containing  1  per  cent,  of  Pasteur's  mixture 
(Strassburger  and  Hillhouse),  were  heated  at  ioo°  C.  in  a  steam 
sterilizer  for  thirty  minutes  on  three  successive  days.    The  ster- 
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ilized  fluid  was  then  inoculated  with  the  particular  yeast  under 
trial  and  incubated  at  30 °  C.  for  from  two  to  thirty  days;  then 
again  sterilized  at  ioo°  C,  cooled,  made  up  to  volume,  filtered,  and 
the  sugar  present  determined  by  Allihn's  method.  The  usual  pre- 
cautions to  prevent  contamination  with  organisms  other  than  the 
yeast  under  trial  were  observed  throughout  the  operation  from 
inoculation  to  filtration.  The  temperature  of  300  C.  was  chosen, 
inasmuch  as  bread  yeast  appeared  to  act  most  vigorously  at  this 
temperature.  The  percentages  of  maltose  removed  and  of  lactose 
remaining  were  readily  calculated  from  the  copper  reduced  prior 
to,  and  that  reduced  subsequent  to,  the  removal  of  maltose. 
Obviously,  when  working  with  known  quantities,  the  completeness 
or  the  incompleteness  of  the  removal  of  the  maltose  may  be 
readily  measured  in  this  manner. 

From  about  xo  per  cent,  to  nearly  all  of  the  maltose  remained 
unacted  upon  by  eight  of  the  yeasts.  One  of  these  yeasts,  how- 
ever, after  a  few  preliminary  trials  completely  and  uniformly 
hydrolyzed  and  fermented  the  maltose. 

5*.  anomolus  was  much  the  most  active  yeast  used.  It  produced 
a  heavy  white  growth  in  tube  cultures  in  a  few  days.  After  two 
days'  inoculation  at  least  three-fourths  of  the  maltose  had  disap- 
peared and  the  proportion  of  maltose  modified  uniformly  decreased 
up  to  sixteen  days,  after  which  there  was  no  apparent  change.  It 
was  found  necessary  to  filter  through  a  bacterial  filter  in  order  to 
remove  the  yeast  cells  and  to  prevent  a  precipitation  of  the  floccu- 
lent  matter  by  the  Allihn  solution,  which  was  equivalent  to  a 
weight  of  from  1  to  2  per  cent,  of  copper.  The  following  table 
shows  the  result  of  some  of  the  work  with  this  yeast.  The  figures 
clearly  show  the  relation  of  filtration,  of  tne  time  element  and  of 
the  use  of  the  Pasteur's  mixture  to  complete  success. 

M&ttOK 

remaining. 
Percent 

2.38 
I.63 

1-35* 
none1 

10.681 
4.821 
2.16" 

none1 


Maltose 
taken. 
Gram. 

Pasteur's 
mixture. 
Grains. 

Volume 

of 
solution. 

Solution. 

inoculated. 

ce. 

I 

2 

200 

SO 

I 

2 

200 

50 

I 

2 

200 

50 

I 

2 

200 

50 

I 

2 

200 

50 

I 

none 

200 

50 

I 

none 

200 

50 

I 

0.5 

200 

50 

I 

1 

200 

50 

I 

1 

200 

50 

Days 

CuO  from 

acted 

25  cc. 

on. 

solution. 

2 

O.OI38 

4 

O.OO44 

13 

O.O030 

16 

O.OO25 

16 

0.0000 

11 
34 

0.01 58 
O.0089 

31 

6/3040 

14 

0.0063 

38 

0.0000 

1  Not  filtered  with  bacterial  filter. 


a  Filtered  with  bacterial  filter. 
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It  may  be  remarked  that  when  this  yeast  was  grown  for  from 
four  to  twenty-four  days  in  a  solution  of  lactose,  frpm  98  to  100.96 
per  cent,  lactose  was  recovered,  showing  that  this  sugar  was  un- 
altered by  the  yeast.  It  may  also  be  remarked  that  the  fermenta- 
tion method,  using  S.  anotnolus,  has  been  tried  upon  several  of  the 
proprietary  foods  upon  the  market ;  that  through  the  courtesy  of 
the  chemist  of  one  of  the  companies  manufacturing  this  class  of 
goods  the  writer  has  been  allowed  to  compare  analytical  results 
with  manufacturer's  formulas  as  regards  percentages  of  maltose 
and  lactose;  and  that  a  reasonably  close  agreement  has  been 
found. 

It  is  interesting  to  note  that  in  those  solutions  in  which  the  other 
yeasts  failed — as  they  always  did— completely  to  transform  all 
the  maltose,  reinoculation  with  5*.  anotnolus  readily  hydrolyzed 
and  removed  the  remaining  maltose,  while  in  no  case  did  it  appear 
in  any  way  to  affect  their  lactose  content. 

Vigorous  growth  is  needed  to  hydrolyze  the  last  traces  of  mal- 
tose. To  produce  this  vigorous  growth  it  is  necessary  to  add 
some  of  the  mineral  elements  found  in  the  ash  of  yeast.  Pasteur's 
mixture  (Strassburger  and  Hillhouse)  furnishes  the  necessary 
elements. 

The  method  in  its  present  form  may  be  briefly  outlined  as  fol- 
lows: The  solution  containing  maltose  and  lactose  having  been 
made  approximately  0.5  per  cent.,  and  containing  1  per  cent,  of 
Pasteur's  mixture,  50  cc.  are  heated  for  three  successive  days  in  a 
steam  sterilizer,  under  the  usual  precautions,  to  ioo°  C.  for  thirty 
minutes.  The  fluid  thus  sterilized  is  inoculated  liberally  with  a 
pure  culture  of  S.  anotnolus  and  incubated  at  about  300  for  from 
two  to  three  weeks,  the  culture  having  been  grown  in  agar  and 
transferred  to  Pasteur's  fluid  prior  to  its  use.  After  the  incuba- 
tion, the  fluid  is  filtered  through  a  bacterial  filter  and  the  copper 
determined  in  the  usual  manner  by  Allihn's  method.  The  differ- 
ence between  the  copper  thus  determined  and  that  present  prior  to 
inoculation  may  be  calculated  as  maltose,  the  remainder  as  lactose. 

The  writer  is  under  obligation  to  Professor  L.  R.  Jones,  botanist 
and  Mr.  C.  H.  Jones,  chemist  of  the  Vermont  Station  for  helpful 
advice  and  suggestion. 

Chemical  Laboratory,  Vt.  Aor.  Exp.  Station, 
Univ.  of  Vt.,  Burlington,  Vt. 


ON  THE  ELECTRICAL  CONDUCTIVITY  OF  URINE  IN  RE- 
LATION TO  ITS  CHE/IICAL  COI1POSITION.1 

By  J.  H.  I/>if  o. 
Rentvod  July  jo,  190a. 

Among  the  newer  applications  of  the  methods  of  modern  phys- 
ical chemistry  some  of  the  most  important  are  certainly  those 
employed  in  the  solution  of  problems  in  physiology  and  physi- 
ological chemistry.  At  first  sight  one  of  the  least  promising  of 
these  methods  is  that  of  the  determination  of  electrical  con- 
ductivity as  applied  to  the  fluids  of  the  body,  but  the  labors  of 
Roth,2  Stewart/  Bugarszky  and  Tangl,4  and  others  have  shown 
the  possibilities  of  the  method  in  the  examination  of  blood  serum. 
In  respect  to  inorganic  constituents  blood  serum  is  much  more 
constant  than  is  urine,  and  the  variations  in  the  conductivity  of 
the  latter  appear  at  first  sight  so  irregular  as  to  be  beyond  simple 
formulation.  This  notion,  however,  is  not  quite  correct.  It  has 
been  shown  by  Bugarszky5  that  certain  general  relations  are  easily 
observed,  and  among  others  the  connection  between  the  total  ash 
and  the  conductivity. 

It  must  be  remembered  that  the  conductivity  of  the  urine  is 
practically  due  to  the  mineral  salts  present  only.  The  most 
abundant  of  all  the  urinary  constituents,  the  urea,  is  so  near  a 
non-conductor  in  solution  that  its  effect  may  be  safely  neglected. 
Even  the  low  value  given  by  Triibsbach*  is  probably  high,  as 
shown  by  some  of  my  own  observations  with  carefully  prepared 
urea.  The  creatinin,  ammonia,  xanthin  bodies,  uric  acid  and 
urates  have  all  but  a  slight  conductivity  and  their  effect  in  lower- 
ing the  conductivity  of  the  mineral  salts  is  extremely  small.  For 
investigations  of  this  kind  it  is  exceedingly  difficult  to  obtain  urea 
pure  enough  to  be  used  as  a  standard.  Nearly  all  found  in  the 
market  contains  notable  quantities  of  potassium  sulphate,  some- 
times several  per  cent.,  and  purification  by  crystallization  from 
alcohol  is  attended  by  great  loss.     Besides  this,  in  using  hot  solu- 

1  Read  by  title  at  the  Pittsburg  meeting  of  the  American  Chemical  Society,  July  a.  19* 

*  Ceniratblatt  fkr  PhysiologUy  11,  271  (1897). 
*fbuL%  11,332(1897). 

*  fbid.%  11,  397  and  301  (1897). 

1  Pfi*g***s  Arcktvf&r  du gaammte  Physiologic  68,  389  (1897). 

*  Zisckr.  phyt.  Ckem.,  16,  708;  also  in  Kohlrauach  and  Holborn's  'XeUfeiiDflfea  off 
Elektrolyte,"  p.  184. 
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tions  in  strongest  alcohol  some  of  the  urea  is  always  converted 
into  ethyl  urethane,  with  further  loss  on  crystallization.  Unless, 
therefore,  the  urea  is  very  carefully  purified  its  effect  on  the  con- 
ductivity may  appear  sensibly  positive  instead  of  negative. 

In  view  of  these  facts  it  follows  that  the  conductivity  of  the 
urine  is  a  function  of  the  total  mineral  content  and  the  determina- 
tion has  a  value  somewhat  analogous  to  that  of  the  specific 
gravity;  but  it  is  much  more  definite,  however,  and  as  the  degree 
of  accuracy  possible  is  high  the  method  must  certainly  prove  of 
value  in  studies  of  the  metabolism  of  inorganic  substances.  To 
bring  out  these  points  I  have  undertaken  recently  a  number  of 
experiments.  In  the  first  of  these  I  have  determined  the  volume, 
specific  gravity,  electrical  conductivity,  chlorine  and  urea  in  the 
urine  of  two  individuals,  collected  at  regular  intervals  through 
three  days.  These  results  are  shown  in  Tables  I  and  II.  The 
specific  gravity  was  found  by  the  Westphal  balance,  adjusted  for 
a  temperature  of  200.  The  figures  given  are  referred  to  water  at 
4°.  The  accuracy  of  the  readings  was  controlled  by  pycnometer 
determinations  on  several  samples.  The  conductivity  was  found 
at  200,  always,  the  temperature  being  sharply  maintained  within 
o.i°,  by  the  Kohlrausch  method,  using  a  U-tube  with  a  resistance 
capacity,  €  =  8415.  The  resistance  measurements  were  made 
with  a  large  Kohlrausch- Wheatstone  bridge,  the  wire  corrections 
being  known,  and  the  values  of  the  100  and  1000  ohm  comparison 
resistances,  also.  The  urine  resistance,  R,  measured  varied  be- 
tween about  250  and  800  ohms,  from  which  the  conductivity,  Kt 
was  found  by  the  formula : 

K-C 

For  an  observed  resistance  of  500  ohms  K  is  therefore  0.016830. 

The  chlorine  was  found  by  the  usual  Volhard-Arnold  process, 
the  liquid  being  filtered  before  titration  of  the  excess  of  silver  by 
the  thiocyanate.  In  the  urea  titration  I  used  the  Liebig  process, 
employing  the  approximate  corrections  described  by  me.1  The 
corrections  actually  used  were  based  on  previous  experiments  with 
the  urine  of  the  same  individuals.  In  the  tables  the  reduced  and 
corrected  values  only  are  given,  and  the  chlorine  is  calculated  as 
sodium  chloride.    For  the  purpose  in  view  this  is  admissible,  and 

»  Tills  Journal.  •£»  63a. 
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besides  is  perfectly  correct  as  far  as  the  urines  of  Table  I  are  con- 
cerned. For  the  urines  of  Table  II,  individual  B,  no  previous 
determination  of  the  relation  of  sodium  to  potassium  had  ken 
made. 

A  consideration  of  the  tables  discloses  several  interesting  facts. 
In  both  sets  the  specific  gravities  appear  low  for  the  amounts  of 
urea  and  salt  present,  but  it  must  be  remembered  that  they  are 
based  on  the  temperature  of  200  referred  to  water  at  40.  The 
means  given  for  each  day  are  calculated  on  the  assumption  that 
the  collections  made  from  9  p.m.  to  6  a.m.  represent  three  3-hour 
periods.  The  mean  specific  gravities  for  individual  A  are  con- 
stant and  the  conductivities  nearly  so.  There  is  no  simple  relation 
between  the  two  classes  of  data.  Nor  is  any  relation  seen  when 
we  subtract  from  the  observed  (corrected)  specific  gravity  that 
fraction  due  to  the  urea  present.  This  appears  in  column  7.  To 
obtain  these  figures  I  found  the  specific  gravity  of  several  urea 
solutions  and  deduced  this  mean  value ;  1  gram  of  urea  in  100  cc. 
adds  0.0027  to  the  specific  gravity  of  water  or  a  weak  salt  solution. 
For  each  gram  of  urea  found  per  100  cc.  I  have  applied  the  correc- 
tion 0.003  t0  includetheeffectoftheotherorganicbodies.  Incolumn 
8  I  have  given  the  excess  of  the  specific  gravity  due  to  mineral 
substances  over  that  of  water  at  the  standard  temperature;  viz., 
0.9983.  The  variations  here  are  so  slight  as  to  have  no  practical 
significance ;  but  in  columns  9  and  10  we  have  numbers  which  are 
characteristic  and  definite  enough  to  afford  certain  indications. 
From  well-determined  values,  those  found  in  the  tables  of  Kohl- 
rausch  and  Holborn,  for  example,  it  is  possible  to  calculate  the 
conductivities  of  weak  salt  solutions,  such  as  those  concerned  here. 
From  the  total  observed  conductivity  I  have  taken  out  the  fraction 
due  to  the  sodium  chloride  found  to  be  present,  and  have  put  down 
the  remaining  values  in  column  9.  These  numbers  represent  the 
conductivities  due  to  salts  other  than  the  sodium  chloride  of  the 
food,  and  are  therefore  a  measure  of  the  mineral  products  of 
metabolism  present.  We  have  here  mainly  the  sulphates  and 
phosphates  of  oxidation  and  it  will  be  seen  that  the  mean  values 
are  pretty  constant  for  individual  A,  through  the  three  days.  For 
B  the  results  are  somewhat  less  constant  but  distinctly  different 
from  those  for  A.    The  fraction  of  the  conductivitv  due  to  meta- 
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bolic  products  is  much  greater  for  B  than  for  A  in  the  mean,  and 
at  several  periods  reaches  an  amount  which  is  nearly  one-half  the 
total.  In  both  cases  the  chlorine  excretion  is  greatest  during  the 
morning  hours,  while  the  conductivity  due  to  other  salts  reaches 
a  maximum  later.  It  will  be  noticed  that  these  numbers  which  are 
given  in  column  9  bear  no  close  relation  to  the  specific  gravity 
numbers  given  in  columns  3,  7  and  8.  The  relation  of  the  con- 
ductivity to  the  salt  excretion  is  given  in  columns  10,  and  for  A  is 
practically  constant.  For  B  the  ratio  is  a  different  one,  but  not 
quite  a  constant.  Inasmuch  as  salt  is  the  chief  mineral  substance 
excreted  a  relation  of  this  kind  is  a  practical  necessity.  The 
curves  in  the  adjoining  figure  show  the  variations  in  the  total 
conductivity  from  period  to  period,  and  also  the  variations  in  the 
fraction  of  the  conductivity  not  due  to  sodium  chloride. 

To  further  show  the  relation  of  composition  to  conductivity  a 
number  of  complete  analyses  have  been  made  of  mixed  normal 
urines.  The  conductivities  of  these  urines  were  found  and  also 
the  conductivities  of  artificial  mixtures  made  up  from  the  results  of 
analyses.  The  analyses  are  given  in  the  tables.  Numbers  1,  2 
and  3  are  of  urines  from  men  consuming  a  mixed  animal  and 
vegetable  diet..  The  results  were  obtained  in  April  while  the 
weather  was  cool  and  the  excretion  normal.  Numbers  4,  5  and  6 
are  from  the  urine  of  vegetarians  consuming  the  mixed  nut, 
vegetable  and  cereal  foods  used  by  the  authorities  of  the  Battle 
Creek  Sanitarium.  Each  urine  represented  the  total  day's  excre- 
tion of  three  or  four  individuals,  and  aside  from  the  special  pur- 
pose here  in  view  the  analyses  have  considerable  scientific  value 
because  very  few  complete  examinations  are  found  in  the  litera- 
ture. The  average  excretion  for  each  individual  contributing  to 
Nos.  1,  2  and  3  was  about  1200  cc,  while  for  the  individuals 
furnishing  the  urines  4,  5  and  6  the  average  excretion  was  about 
1000  cc.  These  results  were  obtained  later,  in  the  warm  weather 
of  June. 
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Table  of  Complete  Urine  Analyses. 

Nos.  i}  2  and  3  mixed  diet. 
Nos.  4,  5  and  6  vegetarian. 
Results  in  grams  per  100  cc. 

1.  a  3.  4.  5.  6- 

Specific  gravity  *J>  .. ...   1.024        1.020        1.026        1.017        1.028      1.021 

Conductivity,  X 0.02372  0.02402  0.02793  0.01984  0.028980.02251 

Potassium,  K o.  1980  0.2455  0.2604  o.  1416  0.4872  0.3869 

Sodium,  Na 0.3820  0.3710  0.4647  0.3419  0.3578  0.2705 

Calcium,  Ca 0.0104  0.0086  0.0132  0.0031  0.0164  0.0130 

Magnesium,  Mg   0.0092  0.0121  0.0152  0.0144  0.0225  0.0341 

Ammonium,  NH4 0.0900  0.0840  0.1080  0.0800  0.0745  0.0576 

Chlorine,  CI 0.7366  0.7 160  0.7739  0.5254  0.8165  0.5893 

Phosphoric  acid,  P04>*  0.1 143  0.1742  0.3135  0.2062  0.31 11  0.2230 

Sulphuric  acid,  Sf)4...  0.1640  0.1964  0.3230  0.1965  0.2790  0.2039 

Urea,  CON,H4 2.85  2.60  2.97  2.11  2.95  2.80 

Uric  acid,  (CjHjN/},)' 0.0641  0.0691  0.0876  0.0549  0.0769  0.0838 

Creatinin,  C4H7NsO*  ••  0.1750  0.1790  0.14 14  0.0252  0.0910  0.1050 

Some  of  these  results  are  very  interesting  but  a  discussion  of 
peculiarities  revealed  will  be  left  for  another  occasion.  An 
attempt  was  next  made  to  duplicate  the  urines  as  nearly  as 
possible  by  mixing  salts,  urea  and  creatinin  in  certain  proportions. 
It  is  not  possible  in  any  case  to  obtain  a  perfectly  clear  artificial 
mixture  containing  all  the  bases  and  acids  in  the  proportions 
found,  but  mixtures  were  made  by  combining  the  phosphoric  acid 
and  the  whole  of  the  calcium  and  magnesium  first.  The  acid 
phosphate  solutions  obtained  were  clear,  and  strongly  acid  to 
litmus.  Then  the  salts  were  added  in  amounts  shown  in  the  table, 
the  urea  and  the  creatinin  also.  The  uric  acid  and  a  part  of  the 
ammonium  were  temporarily  left  out.  In  each  case  250  cc.  of 
mixture  was  made,  and  the  conductivity  found. 

Duplication  of  Analyses. 

Results  in  grams  per  100  cc. 
Substance*  taken.  1.  *.  3.  4*  5  & 

NaCl O.9716  O.9436  1. 1819  0.8686  O.9100  O.6880 

KC1 0.3089  0.3013  0.1191  0.5554  0.3610 

K,S04 0.0804  0.1951  0.441 1  0.31 54  0.4363  0.3704 

(NH4),S04 0.1646  0.1222  0.1098  0.0312  0.0527  

CaCQj 0.0260  0.02 15  0.03 v>  0.0078  0.0410  0.0325 

MgO 0.0153  0.0202  0.0250  0.0240  0.0375  0.0568 

K, * 0.0312 

P04 0.1143  0.1742  0.3135    .0.2062  0.3111  0.2230 

CON,H4 2.85  2.60  2.97  2.11  2.95  2.80 

C4H,N80 0.175  0.179  0.1414  0.0252  0.0910  0.105 

Conductivity  found  •  •  •  0.02264  0.02291  0.02628    0.01910  0.02843  0.02059 

After  finding  the  conductivity  of  the  clear  solutions,  the  ammonia 
lacking  and  the  uric  acid  were  added,  the  ammonia  from  a  strong 
standard  solution.     The  mixtures  were  shaken  and  allowed  to 
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settle  some  hours,  when  the  conductivities  were  again  found.  A 
slight  correction  in  the  results  was  made  on  account  of  the  trifling' 
dilution  on  adding  the  ammonia.  The  results  were  as  follows, 
from  the  solutions  now  neutral  to  litmus  paper : 

i.  a.               3.             4*                S-              & 

Remaining  NH4  added 0.0451  0.0507    0.0731    0.0715    0.0599    0.0576 

Uricacid(C6H,N401)^addedo.c64i  0.0691    0.0876    0.0549    0.0769    0.0838 

New  conductivity  at  200 ....  0.02332  0.02400  0.02768  0.01944  0.02886  0.02158 

It  is  interesting  to  note  that  the  new  conductivities  correspond 
very  nearly  with  those  found  for  the  original  urines.  The  values 
found  before  the  addition  of  the  uric  acid  and  the  ammonia  were 
all  sensibly  lower,  as  might  be  expected,  but  with  the  final  addi- 
tions higher  conductivity  is  secured,  notwithstanding  the  fact  of 
the  formation  of  a  slight  precipitate.  The  fraction  of  the  con- 
ductivity due  to  the  free  uric  acid  or  to  the  urates  is  small  as  the 
investigations  of  His  and  Paul1  would  suggest.  These  results  are 
in  a  measure  a  check  on  the  general  accuracy  of  the  analyses. 

Certain  general  conclusions  may  be  drawn  from  these  experi- 
ments : 

1.  The  electrical  conductivity  of  the  urine  varies  essentially  with 
the  amount  of  inorganic  salts  present  and  taken  alone  is  a  datum 
of  relatively  little  importance  because  of  the  effect  of  the  large 
amount  of  sodium  chloride  present ;  but, 

2.  After  deducting  the.  fraction  of  the  conductivity  due  to  the 
sodium  chloride  content  a  remainder  is  left  which  has  importance 

in  indicating  the  extent  of  certain  metabolic  changes.      The 

« 

amounts  of  sodium  chloride  and  other  salts  and  the  corresponding 
conductivities  are  shown  in  a  manner  easy  for  comparison  in  the 
tables  of  complete  analyses  and  duplications. 

3.  Inasmuch  as  the  conductivity  may  be  readily  and  accurately 
determined  the  variations  in  the  value  of  this  residual  conductivity 
are  of  importance  in  fixing  the  lag  in  the  rate  of  inorganic  excre- 
tion. 

4.  For  the  purpose  of  making  other  comparisons  it  may  be 
necessary  to  determine  the  conductivity  in  diluted  urine,  where  the 
salts  act  with  their  maximum  capacity.  Some  work  of  this  !.ind 
is  in  progress. 

NOKTHWB8TBKN  UNIVERSITY,  CHICAGO, 

June,  1902. 
l  Ztschr.  physioi.  Chem.s  31,  1. 


THE  RETENTION  OF  ARSENIC  BY  IRON  IN  THE  HARSH. 

BERZELIU5  HETHOD.1 

Bv  Charlbs  JUath&op  Parsons  and  Morris  A.  Stewart. 

Received  July  i,  too*. 

An  extended  discussion  of  the  determination  of  arsenic  in  small 
quantities  has  recently  been  published  in  the  English  chemical 
journals  and  several  chemists  have  called  attention  to  the  fact  that 
different  samples  of  zinc  produce  mirrors  of  varying  intensity 
from  like  amounts  of  arsenic. 

The  Joint  Committee  of  the  Society  of  Chemical  Industry  and 
the  Society  of  Public  Analysts  in  reporting  the  details  to  be  fol- 
lowed in  carrying  out  the  Marsh-Berzelius  method  state  that  "It 
is  important  to  note  that  some  pure  zinc  is,  from  a  cause  at  present 
unknown,  not  sufficiently  sensitive ;  that  is  to  say,  the  addition  of 
minute  quantities  of  arsenic  produces  no  mirror."*  O.  Hehner3 
states  that  he  found  some  zinc  which,  while  retaining  the  arsenic 
in  the  form  of  rods,  did  not  do  so  when  granulated,  and  further 
claims  that  the  addition  of  platinic  chloride  renders  the  reaction 
less  delicate.  Again4  the  same  author  finds  that  minute  quantities 
of  arsine  are  not  evolved  when  aluminum  and  sodium  hydroxide 
are  used  as  a  source  of  the  hydrogen,  and  that  even  so  much 
as  0.2  mg.  in  25  cc.  of  solution  gives  no  mirror.  Wohler  as  far 
back  as  1839  stated  that  when  arsenical  pig  iron  is  dissolved  in 
dilute  sulphuric  acid  the  arsenic  does  not  pass  off  with  the  hydro- 
gen but  remains  as  a  salt  of  arsenic  acid.5  Headden  and  Sadler1 
found  that  very  low  results  for  arsenic  were  obtained  by  the 
Marsh-Berzelius  method  on  arsenopyrite,  FeAsS.  The  amounts 
were  increased  by  removing  the  iron,  and  they  suggest  that,  as 
much  better  results  were  obtained  on  duplicates  from  the  sajne  bar 
of  zinc,  one-half  being  used  in  each,  the  difficulty  might  be  due  to 
the  carbon  present.  They  later  state7  that  the  addition  of  copper 
sulphate  or  platinic  chloride  also  made  the  results  much  lower. 

>  Read  st  the  Pittsburg  meeting  of  the  American  Chemical  Society. 
*/.  Soc.  Chem.  fnd.,  si,  95  (19°*)- 

•  Ibid.,  so,  194. 
4  Ibid.,  so,  soo. 

•  Aim.  dtrPharm.%  ji, 95  (>8J9)> 

•  Am,  Chem.  J..  7,  341. 
»  /«.,  p.  343. 
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Sautermeyer1  found  that  even  when  o.i  gram  of  arsenic  trioxide 
was  purposely  added  he  could  get  no  reaction  for  arsenic  when  i 
gram  of  iron  was  dissolved  in  dilute  hydrochloric  acid  in  a  Marsh 
apparatus  and  the  flame  allowed  to  play  on  porcelain.  The  test 
works,  however,  when  2.5  grams  of  zinc  are  added  to  the  iron. 
Under  these  conditions  1  mg.  of  arsenic  may  be  detected  although 
it  comes  off  slowly.     No  quantitative  determinations  were  made. 

Although  the  results  obtained  by  the  before-mentioned  authors 
would  seem  to  indicate  that  the  presence  of  iron  was  highly  dele- 
terious the  fact  seems  to  have  been  entirely  lost  sight  of  by 
chemists  and  in  most  instances  the  investigators  themselves 
attribute  their  low  results  to  other  causes  or,  at  least,  do  not  state 
the  necessity  for  the  absence  of  iron.  In  fact  the  contrary  is  fre- 
quently true  and  recommendations  to  add  ferric  chloride  to  insure 
regularity  of  flow  of  gas  will  often  be  foundintheliterature.evenso 
well  known  an  authority  as  Mr.  A.  H.  Allen2  recommending  that 
the  zinc  always  contain,  at  least,  a  trace  of  iron  to  insure  the 
regular  evolution  of  hydrogen  and  the  formation  of  uniformly 
deposited  brown  mirrors.  This  condition  will  probably  almost 
always  exist,  as  our  experience  has  been  that  it  is  almost  impos- 
sible to  purchase  zinc  free  from  iron. 

Our  attention  was  called  to  the  fact  that  the  Marsh- Berzelius 
method  often  fails  to  give  up,  as  arsine,  all  the  arsenic  present,  by 
repeated  failures  to  obtain  in  the  form  of  mirrors  the  weight  of 
arsenic  which  had  been  added  to  the  generator,  while  a  careful 
examination  of  the  gas  that  had  passed  through  the  heated  tube 
proved  it  to  be  arsenic- free.  The  remaining  arsenic,  therefore, 
could  be  in  the  generator  only.  To  overcome  the  difficulty  we 
used  the  zinc  in  rod  form  and  then  the  same  zinc  granulated,  zinc 
containing  carbon  and  zinc  carbon  free,  but  found  they  all  retained 
arsenic.  We  also  tried  many  samples  of  zinc,  but  while  different 
percentages  of  the  arsenic  present  were  recovered  we  were  not 
able  to  obtain  any  sample  of  zinc  that  yielded  all  the  arsenic  that 
had  been  added. 

In  order  to  investigate  the  question,  relatively  large  amounts  of 
zinc  were  used  and  varying  amounts  of  arsenic  added.  We  soon 
found  that  if  a  too  large  amount  of  arsenic,  relative  to  the  escaping 

1  Chem.  Ztg„  15,  1021. 

*J.  Sac.  Chem.  Ind.%  31,  94  (1903). 
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hydrogen  was  present,  as  arsenious  acid,  it  was  reduced  first  to  the 
metallic  and  not  to  the  gaseous  state.  This  is  probably  so  well 
known  that  the  fact  is  seldom  mentioned,  but  it  was  at  the  time 
new  to  us.  By  never  using  more  than  a  few  centigrams  of  arsenic 
irioxide  this  difficulty  was  avoided  and  the  residues  left  in  the 
generator,  which  with  some  samples  of  zinc  were  voluminous, 
were  arsenic-free  or  so  nearly  so  as  to  yield  but  a  faint  brown 
•coloration  in  place  of  a  mirror.  These  residues  consisted  gener- 
ally of  lead  and  carbon  but  as  we  could  trace  no  relation  between 
their  presence  and  the  retentive  action  of  the  zinc  there  will  be  no 
need  to  mention  them  further.  The  retained  arsenic  was,  there- 
fore, in  the  solution. 

The  solution  left  in  the  generator  was  filtered,  acidified  with 
strong  nitric  acid  to  prevent  volatilization  of  arsenious  chloride,  if 
present,  and  was  evaporated  to  hard  dryness  over  a  free  flame.  As 
the  last  of  the  water  passed  off  a  brick-red  precipitate,  intermixed 
with  the  zinc  chloride,  was  formed,  which  was  insoluble  in  water 
and  strong  nitric  acid.  The  zinc  chloride,  together  with  any  lead 
chloride,  was  dissolved  out  with  hot  water  and  was  now  found  to 
"be  iron-free  and  to  still  yield  no  further  mirror  of  arsenic.  In 
fact,  subsequent  trials  showed  this  to  be  a  most  excellent  method 
of  preparing  pure  zinc  chloride  free  from  iron,  as  the  iron  was 
quite  perfectly  separated  even  when  considerable  quantities  had 
been  added.  The  brick-red  precipitate,  on  being  dissolved  in 
concentrated  hydrochloric  acid  and  again  treated  in  the  Marsh 
apparatus,  yielded  a  large  part  of  the  arsenic  which  had  been 
retained,  as  arsine,  hut  again  a  portion  was  held  back.  By  twice 
repeating  the  process  of  evaporation  of  the  solution  with  nitric 
acid  and  re-treating  the  red  precipitate  formed,  almost  all  of  the 
arsenic  added  was  recovered. 

"To  determine  the  character  of  the  red  precipitate,  a  quantity  was 
prepared,  carefully  washed  and  dried  in  a  steam-bath.  Washing 
-was  difficult,  unless  quickly  done,  as  the  precipitate  had  a  decided 
tendency  to  become  colloidal  and  it  was  found  by  no  means  as 
■simple  to  free  it  from  zinc  as  it  had  been  to  free  the  zinc  chloride 
from  iron.  Samples  were  finally  secured  which  were  zinc-free. 
Several  samples  prepared  in  this  manner  were  found  to  contain 
-only  iron,  water  and  arsenic.  No  nitrogen  was  present.  The 
material  was  therefore  a  hydrated  iron  o^ide  carrying  arsenic. 
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Several  attempts  to  determine  in  what  form  the  arsenic  was  held 
have  met  with  failure.  The  arsenic  appears  to  be  not  an  essential 
constituent  of  the  red  precipitate  for  it  is  present  in  very  varying 
amounts  and  we  have  prepared  an  exactly  similar  compound 
arsenic  free. 
An  analysis  of  two  separate  samples  showed  them  to  contain: 

PoiOft.  Aa. 

Sample  i 86.4  0.7$ 

Sample  2 87.1  1.53 

In  both  instances  the  arsenic  was  deposited  as  a  mirror  and 
weighed,  as  the  quantity  was  so  small  compared  to  the  iron  that 
the  ordinary  gravimetric  separation  proved  inadmissible.  Accord- 
ingly the  amounts  are  lower  than  the  reality.  A  few  of  the  actual 
experiments  performed  in  this  preliminary  work  will  prove  of 
interest. 

(1)  With  no  iron  present  but  that  contained  in  ordinary  re- 
agent "arsenic-free"  zinc: 

Arsenic-free,'  granulated  zinc,  containing  iron,  lead  and 
carbon  as  impurities  used  and  0.05  gram  of  arsenic  tri- 
oxide,  in  solution  in  hydrochloric  acid  were  added.  A  consider- 
able residue  of  lead  and  carbon  remained,  which,  after  being 
washed,  dissolved  in  nitric  acid,  and  re-treated  in  a  Marsh  appa- 
ratus, yielded  a  mere  trace  of  arsenic.  The  solution  evaporated 
to  dryness  with  nitric  acid,  over  free  flame,  gave  a  brick-red  pre- 
cipitate which,  after  being  carefully  washed,  dried,  dissolved  in 
hydrochloric  acid  and  re-treated  in  a  Marsh  generator  yielded  a 
mirror  weighing  0.0025  gram.  The  zinc  chloride  and  washings 
from  the  red  precipitate  were  arsenic-free. 

(2)  With  an  excess  of  iron  salt  added : 

Arsenic-free  stick  zinc  was  used.  Several  cubic  centimeters  of 
a  concentrated  solution  of  ferric  chloride  and  0.3  gram  of  arsenic 
trioxide  was  added  in  hydrochloric  acid  solution.  Results  as  in 
( 1 )  except  that  a  large  amount  of  the  red  precipitate  was  formed 
and  a  determination  of  a  portion  of  it  gave  a  mirror  equivalent  to 
0.032  gram  of  arsenic  in  the  whole. 

(3)  To  find  the  proportion  of  arsenic  recovered  when  the  red 
precipitate  is  re-treated  in  a  Marsh  apparatus: 

Arsenic-free  zinc  containing  iron,  hydrochloric  acid,  and 
0.00506  gram  of  arsenic  were  used. 
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First  mirror  deposited  0.00425  gram;  held  back  by  iron  0.00081 
gram. 

The  generator  solution  was  evaporated  with  nitric  acid,  the  red 
precipitate  washed,  dissolved  in  hydrochloric  acid,  and  re-treated 
in  the  Marsh  apparatus. 

Second  mirror  deposited  0.00055  gram;  held  back  by  iron 
0.00026  gram. 

The  generator  solution  was  evaporated  with  nitric  acid,  the  red 
precipitate  washed,  dissolved  in  hydrochloric  acid,  and  re-treated 
in  the  Marsh  apparatus. 

Third  mirror  deposited  0.0001+  gram. 

(4)  To  find  if  the  same  action  took  place  when  sulphuric  acid 
was  used  instead  of  hydrochloric  acid : 

87  grams  zinc,  25  grams  ferrous  sulphate  in  crystals,  0.5  gram 
arsenic  trioxide,  and  dilute  sulphuric  acid  were  used.  After  (he 
action  ceased  the  sulphates  were  all  precipitated  by  barium  chlo- 
ride, filtered,  the  solutioft  treated  with  nitric  acid  and  evaporated 
as  before.  The  red  precipitate  formed  easily  and,  being  treated 
once  in  the  Marsh  generator,  gave  a  mirror  weighing  0.0054  gram. 

In  all  of  the  experiments  to  follow,  the  method  of  Marsh-Ber- 
zelius,  as  outlined  by  the  Joint  Committee  of  the  Society  of  Chem- 
ical Industry  and  the  Society  of  Public  Analysts1  was  used,  care 
being  taken  to  remove  by  lead  acetate  any  hydrogen  sulphide  or 
selenide  that  might  be  present,  as  Rosenheim2  and  others  have 
shown  that  selenium  has  a  marked  inhibitive  action  on  the  forma- 
tion of  mirrors.  The  mirrors  were,  however,  weighed  instead  of 
being  compared  to  standard  mirrors  as  the  nature  of  the  investi- 
gation, necessarily  precluded  their  use,  we  being  unable  to  procure 
any  zinc  that  did  not  retain  some  arsenic.  Many  attempts  were 
made  to  procure,  on  the  market,  iron-free  zinc,  but  without  suc- 
cess. The  purest  obtainable  contained  but  0.0011  per  cent., 
which  would  ordinarily  be  considered  as  a  mere  trace. 
When  looked  at  from  the  standpoint  of  the  small  amounts  of 
arsenic  determinable  by  the  Marsh  method  it  is,  however,  consid- 
erable. It  may  be  well  also  to  state  here  that  our  experience 
shows  us  that  zinc  in  the  so-called  powdered  form  in  which  the 
grains  are  much  the  same  size  and  approximately   1   mm.  in 

*/.  Soc.  Ckem.  lnd.%  ai,  94  (1903). 
*  Ckem.  News,  83.  360. 
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diameter,  is  much  the  best  form  to  use,  as  it  gives  a  large 
surface  for  action  and  a  corresponding  uniformity  in  the  flow  of 
gas,  which  can  be  obtained  from  no  other  form. 

Using  the  purest  zinc  obtainable,  containing  0.001 1  per  cent, 
iron,  no  arsenic,  and  leaving  no  residue  or  but  a  mere  trace,  in  th? 
generator,  when  slight  excess  of  acid  was  added,  we  next  pro- 
ceeded to  determine  the  effect  of  adding  known  amounts  of  iron 
and  of  ferric  chloride.  Some  30  to  40  grams  of  zinc  were  used 
for  each  experiment.  In  order  to  obtain  an  alloy  of  iron  and  zinc 
we  used  the  zinc  in  the  rod  form,  added  iron  reduced  by  hydrogen, 
fused  the  whole  and  granulated.  The  alloying  was  fairly  success- 
ful when  small  amounts  of  iron  were  used  but  was  seldom 
complete  with  the  larger  quantities.  Each  sample  made  was 
proved  to  give  no  mirror  itself  before  the  addition  of  any  arsenic 

A  preliminary  experiment  on  the  purest  .(Fe  o.oon  per  cent.) 
zinc  gave  results  as  follows :  Arsenic  taken,  0.0050  gram ;  arsenic 
found,  first  mirror,  0.0048  gram. 

On  evaporating  with  nitric  acid  and  re-treating  the  small 
amount  of  red  precipitate  formed,  a  light  brown  mirror,  too  small 
to  be  weighed,  but  representing  a  small  fraction  of  a  milligram 
was  obtained.  This  is  especially  noteworthy  as  showing  that 
even  with  this  small  amount  of  iron  some  arsenic  is  retained. 

EXPERIMENTS  WITH  ZINC  ALLOYED  WITH  IRON. 

The  alloying  was  not  always  perfect,  especially  with  the  larger 
amount. 

1.  Alloy,  100  grams  zinc;  0.2  gram  iron:  Arsenic  taken,  0.0025 
gram ;  first  mirror,  0.0008  gram,  32  per  cent. 

2.  Alloy,  100  grams  zinc ;  1  gram  iron :  Arsenic  taken,  0.0050 
gram ;  first  mirror,  0.0017  gram,  34  per  cent. 

3.  Alloy,  100  grams  zinc;  5  grams  iron:  Arsenic  taken,  0.0050 
gram ;  first  mirror,  0.0017  gram,  34  per  cent. 

4.  Alloy,  100  grams  zinc ;  20  grams  iron :  Arsenic  taken,  0.0050 
gram :  first  mirror,  0.0025  gram,  50  per  cent. 

EXPERIMENTS  TO  SHOW  THE  EFFECT  OF  FERRIC  CHLORIDE  IN  THE 

GENERATOR  SOLUTION. 

i.  30  giams  purest  zinc,  with  0.2  per  cent,  iron  as  KeCl3  added 
to  generator:  Arsenic  taken,  0.0050  gram;  first  mirror,  0.00345 
gram,  69  per  cent. 
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2.  30  grams  purest  zinc,  with  1  per  cent,  iron  as  FeCl8  added 
to  generator:  Arsenic  taken,  0.0050  gram;  first  mirror,  0.0027 
gram,  54  per  cent. 

3.  30  grams  purest  zinc  with  5  per  cent,  iron  as  FeCl3  added  to 
generator :  Arsenic  taken,  0.0050  gram ;  first  mirror,  0.00295 
gram,  59  per  cent. 

4.  30  grams  purest  zinc  with  20  per  cent,  iron  as  FeCl3  added  to 
generator:  Arsenic  taken,  0.0050  gram;  first  mirror,  0.0016  gram, 
32  per  cent. 

5-  3°  grams  purest  zinc  with  15  per  cent,  iron  as  FeCl8  auded  to 
generator:  Arsenic  taken,  0.000 1  gram;  first  mirror,  less  than 
0.000001  gram. 

From  the  results  of  our  work  we  are  forced  to  the  conclusion 
that  iron,  whether  as  an  alloy  with  the  zinc  or  in  the  generator  as 
a  soluble  salt,  must  be  avoided,  if  exact  quantitative  results  are 
desired.  Whenever  iron  was  present,  even  in  small  amounts,  we 
have  never  failed  to  find  arsenic  in  the  red  precipitate  of  hydrated 
iron  oxide,  formed  by  evaporating  the  liquid  contents  of  the 
generator  with  nitric  acid.  This  fact  must  give  rise  to  serious 
error  in  the  determination  of  very  small  amounts  of  arsenic  by  the 
ttse  of  standard  mirrors,  unless  special  precautions  are  taken,  and 
it  is  for  .the  determination  of  these  small  fractions  of  a  milligram 
that  the .  Marsh-Berzelius  method  finds  its  special  application. 
Although  our  results  do  not  show  any  definite  amounts  of  arsenic 
retained  by  a  given  percentage  of  iron  present  as  impurity  we  are 
inclined  to  believe  that  the  amount  retained  would  be  fairly  definite 
where  the  amount  of  iron  present  was  very  small.  If  this  is  true, 
the  method  of  using  standard  mirrors,  so  universally  adopted,  will 
give  results  of  essential  accuracy,  if  the  precaution  be  taken  to 
always  prepare  the  standards  from  the  same  zinc  to  be  afterwards 
used  in  the  analysis.  It  is  also  necessary  that  the  zinc  be  as  nearly 
free  from  iron  as  can  possibly  be  obtained  and  that  soluble  salts  of 
iron  be  kept  out  of  the  generator.  It,  accordingly,  will  be  neces- 
sary in  preparing  solutions  containing  iron  for  analysis  to  reduce 
them  and  distil  off  the  arsenic,  as  arsenious  chloride,  before  adding 
to  the  generator.  As  a  qualitative  test  we  have  never  failed  to  get 
a  mirror,  even  with  iron  present,  when  as  much  as  0.01  mg.  of 
arsenic  was  added. 

*f«w  Hampshire  College,  Durham,  N.  H., 

June  1,  1903. 


ON   THE  CONSTITUTION  OF  CERTAIN   ORGANIC  SALTS 
OP  NICKEL  AND  COBALT  AS  THEY  EXIST 
IN  AQUEOUS  SOLUTION.1 

By  O.  F.  Towbr. 

Received  July  a,  1909. 

It  has  been  shown  in  a  former  paper  that  the  molecular  con- 
ductivities of  aqueous  solutions  of  nickel  and  cobalt  tartrates  are 
exceptionally  small,  and  furthermore  that  the  apparent  molecular 
weights  derived  from  the  freezing-point  method  considerably  ex- 
ceed the  molecular  weights  calculated  from  the  simple  formulas  of 
the  salts.2  It  was  suggested  that  these  unusual  results  could  be 
accounted  for  on  the  assumption  of  polymerization.    The  formula, 

COONiOOC 


CHOH   CHOH 

I       I 
CHOH   CHOH 

I       I 
COONiOOC 

was  given  as  expressing  possibly  the  constitution  of  a  molecule  of 
nickel  tartrate.  Such  a  molecule  would  very  likely  be  much  less 
dissociated  in  solution  than  a  simple  molecule.  In  order  to  investi- 
gate this  problem  more  fully  these  same  methods  have  been  ap- 
plied to  the  tartrates  of  other  metals  and  to  the  nickel,  cobalt,  and 
magnesium  salts  of  certain  other  organic  acids. 

These  salts  were  prepared  from  pure  chemicals  of  standard 
make.  The  solutions  were  made  by  treating  an  excess  of  the 
carbonate  or  oxide  of  the  metal  with  a  sufficiently  dilute  solution 
of  the  acid.  In  a  few  instances  the  hydroxide  of  the  metal  was 
employed.  On  account  of  the  slight  solubility  of  most  of  these 
organic  salts,  the  quantity  of  salt  in  solution  after  the  acid  had 
become  neutralized  was  almost  never  equivalent  to  the  quantity  of 
acid  taken,  because  some  of  the  salt  was  precipitated  while  the 
action  was  going  on.  It  was  therefore  necessary  to  determine  the 
amount  of  salt  actually  present  in  the  solution  in  each  case.  The 
temperature  of  the  solution  has  considerable  effect  on  the  solubility 

1  Read  at  the  Pittsburg  meeting  of  the  American  Chemical  Society. 
*  Tower :  This  Journal,  a*,  501  (1900). 


ORGANIC  SALTS  OP  NICKEL  AND  COBALT.  IOI3 

of  these  salts.  This  effect  has  already  been  described  for.  nickel 
and  cobalt  tartrates,1  and  is  similar  for  the  other  salts  used, 
although  in  most  cases  less  pronounced.  Heat  seemed  to  decrease 
the  solubility,  so  that  all  solutions  were  made  up  in  the  cold  or  at  a 
temperature  not  exceeding  500.  The  action  of  the  dilute  acids 
was  very  slow  at  these  low  temperatures.  To  accelerate  it  the 
solution  was  constantly  shaken  until  the  reaction  was  neutral. 
This  required  only  about  fifteen  minutes  with  magnesia  and  the 
freshly  precipitated  hydroxides  of  nickel  and  cobalt,  while  for  the 
carbonates  of  nickel  and  cobalt  an  hour  or  more  was  frequently 
necessary.  Solutions  of  barium  tartrate  were  prepared  by  neu- 
tralizing a  solution  of  barium  hydroxide  with  tartaric  acid.  Solu- 
tions containing  more  than  1  gram-molecule  of  barium  tartrate  in 
80  liters  were  supersaturated.  Measurements  with  these  super- 
saturated  solutions  revealed  no  abnormal  behavior,  which  is  also 
the  experience  of  others.  Attempts  were  made  to  prepare  solu- 
tions of  calcium  and  zinc  tartrates.  These  salts  are,  however,  ro 
insoluble  that  the  solutions  obtained  were  too  weak  to  render  the 
measurements  of  any  value  for  the  purpose  of  comparison. 

The  measurements  of  the  electrical  conductivity  of  the  tartrates 
reported  in  my  former  article  were  made  with  a  small  combination 
AVheatstone-Kohlrausch  bridge  only  25  cm.  long.  All  the  meas- 
urements which  follow  were  made  with  a  meter  bridge,  which  had 
been  carefully  calibrated.  The  conductivities  of  the  tartrates  of 
nickel  and  cobalt  were  therefore  redetermined  with  the  new  appa- 
ratus. The  temperature  at  which  all  the  determinations  were 
made  was  180  ±  o.i°.  The  conductivity  of  the  water  used  varied 
from  2.0  to  3.0  X  10-6.  This  has  been  deducted  from  the  specific 
conductivity  in  every  case.  The  results  with  the  salts  of  tartaric, 
malic  and  succinic  acids  are  given  in  Table  I :  v  is  the  number  of 
liters  in  which  a. gram-molecule  of  the  salt  was  dissolved;  M  is 
the  molecular  conductivity  in  reciprocal  ohms.  In  the  former 
article  the  equivalent  conductivity  was  given,  but  since  some  of  the 
salts  probably  exist  in  a  polymerized  condition,  the  molecular  con- 
ductivity is  given  as  affording  a  better  basis  of  comparison. 

1  Tower :  he  cU.t  pp.  904  and  515. 
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Table  I. 

Nickel  tartrate. 

Cobalt  tartrate. 

v.         Af.                    v. 

Af. 

T\ 

At. 

v. 

.v. 

IO-35       9-2               1346 

12.0 

25.38 

25-4 

3105 

32.2 

2  X  10.35     13.8      2  X  I3-46 

16.4 

2  X  25.38 

345 

2X3105 

430 

4X10.35    20.7     4x13-46 

22.7 

4  X  25.38 

474 

4X3105 

57-1 

8X10.35   30.6     8x13.46 

29.8 

8  X  25.38 

635 

8X31.05 

744 

16 X  10.35    444    16 X  1346 

45-o 

16  X  25.38 

83.2 

16X3105 

96.0 

32  X  10.35    62.8   32  x  13.46 

61.2 

32  X  25.38 

IO5.6 

32  X  31-05 

120.6 

64X10.35    81.5    64x1346 

81.3 

64  X  25.38 

133.0 

64X31.05 

150-2 

Magnesium  tartrate. 

1 

Barium  tartrate. 

v.          Af.                   v. 

Af. 

v. 

Af. 

V. 

At. 

19-95     67.4               24.37 

7I.9 

20.03 

58.5 

21.27 

59-3 

2X19.95     82.O       2X24.37 

87.7 

2  X  2O.03 

70.4 

2X21.27 

72.8 

4X19-95     98.1       4X24.37 

103.0 

4  X  20.03 

85.2 

4X21.27 

$8.6 

8X  19.95  "4-6      8X24.37 

II9.2 

8  X  20.03 

I05. 1 

8X21.27 

106.4 

16  X  1995  J30.5     16  X  24.37 

135.1 

16  X  20.03 

I25.6 

16X21.27 

126.5 

32  X  1995  M5.8   32  x  24.37 

I50.O 

32  X  20.03 

143.0 

32X21.27 

147-3 

64 X  1995  160.7    64 X 24.37 

1659 

64  X  20.03 

161.4 

64  x  21.27 

167. 1 

Manganese  tartrate. 

Nickel  malate.i 

Cobalt  ma 

late. 

v.          Af.                    v. 

Af. 

v. 

Af. 

v. 

M. 

37.79     66.9               41.71 

68.8 

14.77 

14.5 

18.44 

23.6 

2X37.79    8J.5      2X41.71 

83.8 

2X14.77 

17.7 

2  X  18.44 

28.S 

4X37.79    98.5      4  X  41.71 

99-7 

4  X  14.77 

22.0 

4  X  18.44 

36.O 

8X37.79  "4-5      8X41.71 

1 1 7.0 

8X14.77 

28.2 

8  X  18.44 

45-2 

16X37.79  132.5    16X41.71 

1335 

16XM.77 

37.1 

16  X  18.44 

58.1 

32X37-79  148.3    32X4171 

148.9 

32XH.77 

5I.O 

32  X  18.44 

74.6 

64XM.77 

69.9 

64  X  18.44 

943 

Magnesium  malate. 

Nickel  succinate. 

v.                 Af. 

V 

Af. 

v. 

m/ 

9-74           43.3 

18. 

42              62.2 

1957 

62.7 

2  X  9.74           54.7 

2  X  18. 

42              75.9 

2 

x  19.57 

76.9 

4  X  974           67.4 

4X18. 

42              91-7 

4  X  19-57 

92.5 

8  X  974           83.0 

8X18. 

42            I08.S 

8  X  1957 

IO9.5 

16X9.74          100. 1 

16X18. 

42            125.9 

16  X  19-57 

126.6 

32X9.74          118.3 

32  X  18.42         143.0 

32  X  1957 

145.2 

64  X  974        1350 

64  X  18. 

42            158.4 

64  x  19.57 

160.3 

128  -f  9.74         149.0 

Cobalt  succinate. 

Magnesium  succinate. 

1 

1 

v.          Af.                     v. 

Af. 

v. 

Af. 

V. 

Af.           1 

17.29     65.O                20.25 

68.2 

1431 

76.6 

15.70 

77-6 

2  X  17.29     78.3        2  X  20.25 

82.2 

2  X  14.31 

88.7 

2  X  I5.70 

90.0 

4X17.29     93-0        4X20.25 

97-1 

4XM.31 

I02.8 

4  X  1570 

104.2 

8X  1729  109.7      8X  20.25 

113-6 

8X14.31 

II74 

8  X  15.70 

119.3 

16  X  17.29  126.6    16X20.25 

130.2 

16  X  1431 

131.9 

16  x  1570 

I34-6 

32  X  1729  145.0    32  X  20.25 

148.0 

32  X  14.31 

I46.2 

32  x  15.70 

149.0 

64  X  17.29  1590    64 X 20.25 

162.3 

64  X  14.31 

158.8 

64  X  15. 7° 

160.8 

1  Only  one  solution  of  each  salt  of  malic  acid  could  be  prepared  with  the  small  quan- 
tity of  this  acid  on  hand. 
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From  these  results  interpolations  have  been  made  graphically 
foi  v  =  16,  32,  etc.,  by  plotting  curves  with  the  molecular  con- 
ductivities as  abscissas  and  the  logarithms  (base  2)  of  the  dilu- 
tions, v,  as  ordinates.  The  interpolated  values  are  given  in  Table 
II.  In  cases  where  the  conductivity  was  determined  in  two 
separate  solutions  only  the  average  is  given  in  the  table.  The  re- 
sults of  Walden1  for  magnesium  salts  of  these  acids  are  given  for 
comparison.  They  have  been  reduced  to  the  same  units  and 
temperature.  The  temperature  coefficient  used  for  this  purpose 
was  0.027,  the  average  value  found  by  Arrhenius*  for  sodium  salts 
of  organic  acids. 

Table  II. 

Molecular  conductivity  of  tartrates. 

* 

Mag-     Magnesium. 
v.  Nickel.         Cobalt,     neaium.    (Walden.)      Barium.  Manga tieae. 

16 12.3  ••••  63.O  ....  ....  .... 

32 18.I  30.5  77.5           66.8  63.2 

64 25.8  41. 1  93.0  92.3  81.2  78.0 

128 37.I  55.5  109.8  107.8  98.5  94.2 

256 52.0  72.4  125.5  124.5  "7-3  iIO-7 

512 70.4  94.2  140.8  138.9  136.2  127.1 

1024 93.0  118.0  156.0  151.5  155.0  143.9 

Molecular  conductivity  of  malates. 

, > 

Magnesium. 
1.  Nickel.  Cobalt.      Magnesium.     (Walden.) 

16 I4.8  22.8  51. 1  ..-. 

32 18.I  27.8  63.6  .... 

64 22.6  34.2  78.2  80.9 

128 29.3  430  95°  96.9 

256.... 38.5  55-2  1*3-4  "3-9 

512 53.0  70.7  129.2  130.5 

1024 72.3  90.3  146.0  145.1 

Molecular  conductivity  of  succinates. 

/ » » 

Magnesium. 
v.  Nickel.  Cobalt.      Magnesium,    (walden.) 

16 59.5  63.7  78.2  .... 

32 73-°  76.8  90.7               

64 88.0  91.2  104.8  106.8 

128 105.2  107.9  120.2  121.6 

256 122.3  I24-6  134.7  J35-6 

512 139.7  142.4  M8.9  147-8 

1024 155.6  157.5  l6°.8  x58-6 

>  Ztschr.  pkys.  Chem.,  i,  537  (1887). 

*/**,  4f  99(1889). 
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The  molecular  conductivities  of  the  tartrates  of  magnesium, 
barium  and  manganese  do  not  vary  from  one  another  more  than 
may  be  expected  for  different  salts  of  the  same  acid.  The  con- 
ductivities of  the  tartrates  of  nickel  and  cobalt  are,  however,  so 
small  as  to  be  of  an  entirely  different  order.  The  same  is  true  of 
the  conductivities  of  the  malates  of  nickel  and  cobalt.  The  con- 
ductivity of  magnesium  malate  is  somewhat  less  than  that  of  the 
tartrate,  as  was  also  observed  by  Walden.  The  conductivities  of 
the  succinates  of  nickel  and  cobalt  present  no  abnormal  behavior 
when  compared  with  the  conductivity  of  magnesium  succinate. 

Determinations  of  the  lowering  of  the  freezing-point  were  made 
with  the  apparatus  described  in  my  former  article.  Determina- 
tions of  the  freezing-point  of  the  same  solution  never  varied  more 
than  0.0010,  but  the  freezing-points  of  two  solutions  made  up  as 
nearly  alike  as  possible  gave  larger  differences.  Since  the  solu- 
tions used  were  rather  dilute,  a  difference  of  two  or  three 
thousandths  of  a  degree  would  frequently  make  a  difference  of  ten 
or  twenty  units  in  the  molecular  weights  calculated  from  them. 
So  much  reliance  cannot  therefore  be  placed  on  the  absolute  or  on 
the  relative  value  of  the  results  obtained  by  this  method,  as  on 
those  obtained  by  measuring  the  electrical  conductivity.  The 
depressions  of  the  freezing-point  together  with  the  apparent 
molecular  weights  calculated  from  them  are  given  in  Table  III. 

Table  III. 


Nickel  tartrate. 

Cobalt  tartrate. 

Substance  in 

Substance  in 

100  GC 

Apparent 

100  oc. 

Apparent 

Grams. 

Depression,     mol.  wt. 

Grams. 

Depression. 

moL  wt 

1.8795 

O.1390             260 

O.6739 

OJO620 

207 

I.7205 

O.I2I               273 

O.6505 

O.059 

207 

I.6450 

O.I17               268 

O.3370 

O.037 

173 

O.8602 

0.081               202 

O.3252 

O.036 

170 

0.8225 

O.076               206 

O.1685 

0.02I 

153 

0.430I 

0.042               193 

O.1626 

0.02I 

146 

Magnesium  tartrate. 

Barium  tartrate. 

1 

0.8642 

O.1390             Il8 

O.7136 

0.0630 

2l6 

0.8428 

O.137               "7 

O.3568 

0.036 

189 

0.4321 

0.079              io4 

O.3568 

0.039 

174 

0.4214 

0.076               106 

O.I784 

0.020 

170 

0.2160 

0.045                91 

O.1784 

0.021 

162 

Manganese  tartrate. 

Nickel  malate. 

0.6130 

0.0830             141 

I.2912 

0.1470 

167 
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Manganese  tartrate. 

Nickel  malate. 

Bufaftance  in 

Substance  in 

100  cc 

Apparent 

1000c. 

Apparent 

Grama. 

Depression. 

mot  wt 

Grams. 

Depression.        mot  wt. 

O.5805 

O.0780 

142 

O.6456 

O.0860               143 

0.3075 

O.046 

127 

O.3228 

0.050              123 

0.2902 

O.041 

135 

Cobalt  malate. 

Magnesium  malate. 

I.0360 

0.1140 

173 

1.6060 

•  O.2440               125 

O.5180 

0.068 

144 

0.8030 

O.130                 Il8 

O.2590 

0.040 

123 

0.4015 

O.079                   97 

< 

Nickel  succinate. 

< 

Cobalt  succinate. 

O.9488 

0.1690 

107 

1.0125- 

0.1760             no 

O.8931 

0.160 

106 

0.8646 

0.156              106 

<M744 

0.095 

95 

0.5062 

0.094              103 

O.4466 

0.082 

104 

0.4323 

0.084                98 

0.2233 

0.049 

87 

0.2531 

0.057                85 

Magnesium  succinate. 

0.9808 

0.2070 

90 

0.8942 

0.185 

81 

0.4904 

0.1 15 

81 

0.4471 

0.098 

76 

0.2452 

0.065 

72 

In  order  to  render  these  results  more  readily  comparable,  by 
means  of  graphical  interpolation  the  molecular  weights  have  been 
calculated  for  dilutions  of  16  and  32  liters.  These  figures  together 
with  the  molecular  weights  calculated  from  the  simple  formulas 
of  the  respective  salts  are  given  in  Table  IV. 


Table  IV. 

Tartrates. 


Malates. 


Succinates. 


-s    4 


a 

•i-  • 

8  a 

I  * 


t 

a 

s 


a 

I 


8 

a 


mi  1  «n  111 

Mol.  wt  from  formula  . . . .  207  207  17a  286  203    191  191  156    175  175  140 

V*h*^**t*rP°"f»=i6...  230  244  122 164  179  120    108  in    82 

Tabltm1\v=:3*'--  I«6  *°7  1Q9  234  M3  *4<>  150  100  100  103  77 
From  this  table  it  is  seen  that  all  the  salts  yield  in  the  more  con- 
centrated solutions  apparent  molecular  weights  considerably  less 
than  the  molecular  weights  calculated  from  the  formula,  except 
the  tartrates  and  possibly  the  malates  of  nickel  and  cobalt.  Ac- 
cording to  the  dissociation  theory  we  should  expect  all  of  the  salts 
in   solutions  of  this  concentration  to  give  apparent  molecular 
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weights  much  less  than  the  true  ones.  The  nickel  and  cobalt  salts 
just  mentioned,  which  give  such  high  molecular  weights,  are  the 
ones  calling  for  special  explanation.  These  exceptional  results 
yielded  by  the  freezing-point  method  are,  however,  in  line  with 
the  conductivity  determinations  with  the  same  salts. 

An  adequate  explanation  of  this  peculiar  behavior  of  the  tar- 
trates and  malates  df  nickel  and  cobalt  is  difficult  to  find.  It  was  j 
Walden1  who  first  pointed  out,  working  with  magnesium  salts, 
that  the  dissociation  of  the  salts  of  dibasic  acids  with  bivalent 
tnetals  as  measured  by  the  conductivity  was  of  a  very  different 
nature  from  the  dissociation  of  the  neutral  sodium  salts  of  the 
same  acids.  Bredig*  has  attempted  to  explain  this  difference  on 
the  assumption  that  the  molecules  of  a  salt,  MgAc  (Ac  being  the 
radical  of  a  dibasic  acid),  split  up  into  complex  ions  of  the  nature 

Mgv  /Ac 

-  >Ac  and  Mgc   — 

Mg/  xAc 

++  — 

as  well  as  the  simpler  ones  Mg  and  Ac.    As  the  dilution  increases 

the  complex  ions  gradually  tend  to  decompose  into  the  simpler 

ones.     The  behavior  of  nickel  and  cobalt  tartrates  and  malates  has 

been  shown  to  be  very  different  from  that  of  the  magnesium  salts 

of  the  same  metals.    The  suggestion  was  made  in  the  article  to 

which    reference   has   already   been   made,   that   the   abnormal 

behavior  of  the  tartrates  of  nickel  and  cobalt  might  be  ascribed  to 

polymerization  of  the  molecules.    The  same  would  also  apply  to 

the  malates.    The  molecule  of  nickel  tartrate,  for  example,  in 

solution  would  have  the  formula 

COONiOOC 


CHOH   CHOH 

I        I 
CHOH   CHOH 

I        I 
COONiOOC 

and  would  be  dissociated  in  concentrated  solutions  into  complex 
ions  and  as  dilution  proceeds  into  simpler  ones  in  a  manner  similar 
to  that  indicated  above  for  magnesium  salts,  the  dissociation,  how- 

»  Loc.cit.^.y^etsftj. 

*  Ztxhr.  fan.  Chem.,  ij,  ao?  (1894). 
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ever,  being  much  less.  This  explanation  differs  from  that  of 
Bredig  for  magnesium  salts  in  assuming  the  existence  of  double 
molecules  in  solution  as  well  as  of  complex  ions,  and  seems  to 
have  support  in  the  apparent  molecular  weights  derived  from  the 
freezing-point  method. 

The  application  of  Ostwald's  formula  for  basicity,  as  developed 
by  Walden1  for  dibasic  salts  of  bivalent  metals,  throws  but 
little  light  on  this  question.  The  formula  is  4  —  Cn^,,  where  A 
is  the  difference  between  the  equivalent  conductivities  at  v  =  32 
and  v  =  1024,  nt  is  the  basicity  of  the  acid  radical,  n,  is  the 
valence  of  the  metal,  and  C  is  a  constant,  equal  usually  to  10  or  a 
little  less.  Only  molecular  conductivities  are  given  in  Table  II  so 
that  the  difference  between  the  values  at  v  =  32  and  v  =  1024 
must  be  divided  by  two  to  make  it  comparable  with  the  difference 
obtained  with  equivalent  conductivities.  When  this  is  carried  out 
for  the  nickel  and  cobalt  salts  the  basicity  is  found  to  be  two,  just 
the  same  as  when  applied  to  the  magnesium  salts.  Since,  how- 
ever, the  formula  is  wholly  empirical,  the  results  obtained  by 
using  it  cannot  be  accepted  without  other  support  in  the  face  of 
the  values  derived  by  the  freezing-point  method.  If  the  Ostwald 
rule  shows  anything  in  this  instance,  it  is  rather  to  be  interpreted 
as  indicating  that  the  complex  ions  decompose  but  little  below  the 
dilution,  1024.2 

If  then  the  tartrates  and  rtialates  of  nickel  and  cobalt  are 
polymerized  in  aqueous  solution,  the  molecules  of  the  succinates 
are  surely  not,  for  their  conductivities  are  normal  and  the  apparent 
molecular  weights  found  by  the  freezing-point  method  also  pre- 
clude any  such  condition.  This  seems  to  show  that  the  presence 
of  the  hydroxyl  groups  in  the  tartaric  and  malic  acids  may  have 
some  influence  in  inducing  polymerization  of  the  nickel  and  cobalt 
salts.  There  appears  to  be  ground  for  this  in  the  fact  that  the 
results  obtained  with  the  tartrates  reveal  a  greater  degree  of 
polymerization  than  those  with  the  malates ;  that  is,  the  polymer- 
izing influence  is  apparently  greater  where  two  hydroxyl  groups 
are  present  than  where  only  one  is  present. 

1  Loc.eU. 

*  From  the  electromotive  force  of  a  cell  containing  a  l>i  molecular  solution  of  nickel 
tartrate  only  about  one-tenth  of  the  nickel  was  found  to  exist  in  the  ionic  state.  Tower : 
Loc.  eft.,  p.  511. 
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That  the  presence  of  an  hydroxyl  group  is  the  determining  in- 
fluence in  causing  polymerization  of  the  nickel  and  cobalt  salts 
receives,  however,  no  support  from  the  results  obtained  by  apply- 
ing methods  similar  to  the  above  to  the  malonates  and  tartronates 
of  nickel  and  cobalt.  Conductivity  and  freezing-point  determina- 
tions were  carried  out  with  these  salts  and  also  with  the  magne- 
sium salts  of  the  same  acids.  The  malonic  acid  was  a  preparation 
of  Merck.  The  tartronic  acid  was  made  from  dinitrotartaric  acid 
according  to  Demole.1  The  yield  was  small,  which  accounts  for 
only  one  set  of  determinations  having  been  made.  Molecular  con- 
ductivities are  given  in  Table  V,  and  depressions  of  the  freezing- 
point  in  Table  VI. 


Table  V. 

Nickel  malonate. 

Cobalt  malonate. 

V. 

M. 

v.           M. 

v. 

Af.                    v. 

M. 

15.61 

237 

20.55     23.3 

12.82 

28.5                 I9.I7 

30.6 

2  X  I5.6I 

27.3      *  X 

20.55     26.9 

2  X  12.82 

33.2        2  X  19.17 

35.7 

4  X  1561 

32.1      4X 

20.55     3I.8 

4  X  12.82 

39.6        4X1*17 

424 

8  X  15.61 

399     8  X 

20.55     39.0 

8  X  12.82 

48.6      8  X  1917 

52.3 

16  X  1561 

494    16  X 

20.55     495 

16X12.82 

61. 1     16X19.17 

64.9 

32  X  1561 

64.0    32  X 

20.55     64.O 

32  X  12.82 

78.4    32  X  19- 17 

81.5 

64X15.61 

80.2 

64  X  12.82 

96.0 

Magnesium  malonate. 

Nickel  tartronate. 

V. 

M. 

9. 

M. 

v. 

M. 

8.02 

34.6 

II.OO 

38.2 

30.50 

*9-7 

2  X  8.02 

42.7 

2X  ".GO 

47-1 

2  X  30.50 

34-7 

4X8.02 

51-7 

4X  11.00 

59-2 

4X30.50 

40.3 

8  X  8.02 

64.7 

8X  ii-oo 

732 

8X30.50 

46.9 

16  X  8.02 

77* 

16  X  11.00 

88.7 

16  X  30.50 

54.5 

32  X  8.02 

93.8 

32  X  11.00 

I06.9 

32  X  30.50 

63.8 

64  X  8.02 

1 10.9 

64  X  n.oo 

126.8 

Cobalt  tartronate. 

Magnesium  tartronate. 
v.                    M. 

v. 

M. 

28.IO 

365 

15-77 

42.O 

2  X  28.IO 

43-3 

2  X  15.77 

51.3 

4X28.IO 

50.6 

4  X  15.77 

61.9 

8X28.IO 

58.7 

8  X  15.77 

74.8 

16X28.IO 

68.5 

I6XI577 

89.2 

32X28.IO 

79.4 

32  x  15.77 
64  x  15.7; 

I05.7 
122.5 

1  Bar.  d.  chew.  Get.,  to,  1789  (1877). 
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Table  VI. 

Nickel  malonate. 

* 

Cobalt  malonate. 

Substance  in 

Substance  in 

zoocc. 

Apparent 

100  cc. 

Apparent 

Grams. 

Depression. 

mol.  wt. 

Grams. 

Depression.      mol.  wt. 

I.0300 

O.I500 

131 

I.I995 

0.20I0             114 

C.7824 

O.I41 

106 

O.8402 

O.169                 95 

O.5150 

O.090 

109 

O.5998 

O.H5                99 

O.2575 

O.054 

91 

O.2999 

0.066               86 

Magnesium  malonate. 

Nickel  tartronate. 

I.5750 

O.298 

IOI 

0.5798 

a  102             108 

1. 1477 

O.233 

94 

0.2899 

0.065               85 

o.5738 

0.134 

82 

0.1450 

0.039               71 

0.2869 

O.075 

73 

Cobalt  tartronate. 

Magnesium  tartronate. 

0.6302 

0.1 19 

IOI 

o.9944 

0.200               95 

0.3151 

0.071 

85 

0.4972 

O.I2I                  78 

0.1576 

0.043 

To 

0.2486 

0.072               66 

To  bring  the  results  of  these  two  tables  to  a  uniform  basis, 
interpolations  have  been  made  graphically,  exactly  as  in  the  pre- 
ceding cases.  These  interpolated  values  will  be  found  in  Tables 
VII  and  VIII. 

Table  VII. 

Molecular  conductivity. 


Malonates. 


Tartronate*. 


Magne- 

v.  Nickel.  Cobalt.  slum. 

16 23.Q         30.0  43.O 

32 26.5         34.7  52.6 

64 3I.2         41.2  65.7 

128 38.2         5I.2  79.5 

256 47-8         64.O  95.9 

512. 61.4         80.4  1 13.9 

1024 77.2       99-3  I35-° 


Magnefthitn. 
(Walden.) 


62.9 

77.5 

954 

"4.7 

134.9 


Nickel. 

Cobalt. 

25.5 

32.0 

29.9 

37.8 

35.' 

44.7 

40.8 

52.2 

47.3 

60.3 

59.2 

70.4 

643 

8l.2 

Magne- 
sium. 

42.3 

51.5 
62.4 

753 
89.9 

I06.3 

I23.O 


Tabu$  VIII. 

Malonates. 


Tartronates. 


Magne-  Magne- 

Nickel.  Cobalt,  slum.    Nickel.  Cobalt,  slum. 


Molecular  weight  from  formula 
Values  interpolated    f  v  =  16 . . .  • 
from  Table  V. 


ft/ =  16 
\t/  — 3a 


161 
121 
101 


177     177 


142 

94 
77 


161      126 

104        87        

91        77        106        98 

It  is  seen  in  these  cases  as  heretofore,  that  the  nickel  and  cobalt 
salts  possess  lower  molecular  conductivities  and  higher  apparent 
molecular  weights  than  the  corresponding  magnesium  salts.    Al- 
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though  the  conductivities  of  all  these  salts  are  less  than  for  the 
corresponding  succinates,  still  the  relative  differences  between  the 
conductivities  of  the  nickel,  cobalt,  and  magnesium  salts  are  about 
the  same  as  in  the  case  of  the  succinates.  No  such  differences 
exist,  as  were  found  between  the  conductivities  of  the  tartrates 
and  malates  of  magnesium  and  those  of  the  corresponding  nickel 
and  cobalt  salts.  The  conductivities  of  the  magnesium  salts  of 
malonic  and  tartronic  acids  are  considerably  less  than  the  con- 
ductivities of  any  of  the  other  magnesium  salts  investigated.  This 
was  noticed  by  Walden  in  the  case  of  the  malonate.  Bredig's  ex- 
planation of  such  behavior  has  already  been  referred  to.  The  im- 
portant point  to  notice  in  connection  with  these  last  results  is, 
however,  that  the  conductivities  of  the  nickel  and  cobalt  tartron- 
ates  are  not  appreciably  less  than  the  conductivities  of  the  same 
malonates,  although  tartronic  acid  possesses  an  hydroxyl  group. 
Any  explanation  of  the  conduct  of  these  salts  based  on  the  pres- 
ence? of  an  hydroxyl  group  in  the  molecule,  therefore,  appears  to 
be  untenable. 

Before  letting  the  question  rest  here,  however,  a  few  consider- 
ations bearing  upon  the  point  under  discussion  will  be  mentioned. 
The  strength  of  the  acids  of  the  succinic  acid  series  (t.  e.t  succinic, 
malic,  and  tartaric  acids),  as  is  well  known,  increases  with  the 
number  of  hydroxyl  groups  present,  Ostwald's  affinity  constants 
being  for  succinic  acid  0.0066,  for  malic  acid  0.0395,  for  tartaric 
acid  0.097.1  The  hydroxyl  groups  have  therefore  a  distinct  effect 
on  the  strength  of  the  acids.  In  the  case  of  malonic  and  tartronic 
acids  a  very  different  effect  is  observed.  The  Ostwald  constant  for 
malonic  acid  is  0.158  and  for  tartronic  acid  0.107 ;  that  is,  the  intro- 
duction of  an  hydroxyl  group  has  here  decreased  the  strength  of 
the  acid.  Such  being  the  facts  with  regard  to  the  acids,  it  seems 
probable  that  salts  of  the  succinic  acid  series  might  show  very 
different  gradations  in  properties  from  the  same  salts  of  the 
malonic  acid  series.  Then  before  asserting  that  the  presence  of 
the  hydroxyl  groups  in  malic  and  tartaric  acids  has  no  effect  on 
the  behavior  of  their  nickel  and  cobalt  salts,  it  is  necessary  to  ex- 
tend investigations  similar  to  these  to  the  salts  of  the  glutaric  acid 
series  or  some  higher  one.  Such  work  is  contemplated  in  the 
future. 

1  The  values  given  are  for  K  —  roo*.    See  Ztsekr.  phys.  Lhem.%  a,  418  (1889). 
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In  conclusion,  however,  it  may  be  stated  that  aqueous  solutions 
of  nickel  and  cobalt  salts  of  dibasic  organic  acids  offer  greater 
resistance  to  the  passage  of  the  electric  current  than  solutions  of 
similar  salts  of  the  other  metals  investigated,  notably  magnesium, 
and  that  this  resistance  is  exceptionally  great  in  the  case  of  the 
tartrates  and  malates  of  nickel  and  cobalt.  This  abnormal  be- 
havior of  the  last-named  salts  is  also  confirmed  by  the  results  ob- 
tained with  the  freezing-point  method  for  determining  molecular 
weights. 

Western  Rbsrrvb  University, 
Cleveland,  O.,  June,  190a. 


[Contribution  from  thk  Havhmeyer  Laboratories,  Columbia  Uni- 
versity, No.  69.] 

ON  THE  MANGANESE  FERR0CYANIDE5. 

By  Albert  Krmfst  Dickie. 

Received  August  a.  1909. 

This  work  was  undertaken  to  chrow  further  light  on  the  com- 
position of  the  manganese  ferrocyanides  as  seemed  warranted  by 
the  discrepancies  in  the  results  obtained  previously  by  Wyrouboff ,l 
Stone  and  Van  Ingen,*  and  Miller  and  Mathews.8 

Wyrouboff,  by  precipitating  a  manganous  salt  with  potassium 
ferrocyanide,  obtained  a  compound  to  which  he  ascribes  the  for- 
mula 5Mn2Fe(CN)r>.4K4Fe(CN)fl.4H20,  and  by  using  hydro- 
ferrocyanic  acid  he  obtained  the  normal  manganese  ferrocyanide 
Mn2Fe(CN)„.7H20.  In  either  case  he  found  it  to  be  immaterial 
which  reagent  was  used  in  excess. 

Stone  and  Van  Ingen  obtained  results  expressed  in  atomic  ratios 
as  follows: 

Mn.  Fe. 

In  neutral  solution,  excess  ferrocyanide 93  100 

"        "            "             "      manganese 95  100 

'•             "             "           hot 92  :     100 

"  faintly  acid  solution,  excess  manganese 101  100 

".  more       ••  "  "  '•  133      :     100 

«i       «t  i«  t<  it  14 


hot 107      :     100 


1  Ann.  chim.pkys.%  [5],  8,  474. 
*  This  Journal,  19,  54a. 
*/Wrf..p.547. 
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Miller  and  Mathews  obtained  in  slightly  acid  solution : 

With  excess  of  ferrocyanide 105  to  108 :    100 

"        "       "  manganese iiotoui:    100 

In  the  new  series  of  experiments  we  have  obtained : 

Ferrocyanide  In  Manganese  ia 

excess.  excess. 

Mn.  Pe.  Mn.  Pe. 

In  neutral  solution 103        :    100       107  to  to8  :  100 

In  acid  solution  10  cc.  hydrochloric 

acid  (1.20)  per  liter 106        :    100       io7tono:ioo 

In  acid  solution   10  cc.  acetic  acid 

(50  per  cent. )  per  liter 101  to  102  :    100       107  :  100 

In  presence  of  ammonia  and  ammo- 
nium chloride decomposed         no  test  for  potas- 
sium 
From  the  above  comparative  statements  of  results  the  reader  is 

left  to  draw  his  own  conclusions. 


NOTES. 


Note  on  the  Preparation  of  Metallic  Lithium. — The  following 
method  is  a  modification  of  that  of  Bunsen  and  Matthiessen  for 


the  electrolysis  of  fused  lithium  chloride,  and  will  be  found  to  $\'t 
good  results. 
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The  apparatus  consists  of  an  ordinary  porcelain  crucible,  about 
two  inches  in  diameter  and  one  and  three-quarters  inch  high,  fitted 
with  a  partition  of  asbestos-board  reaching  almost  to  the  bottom. 

The  anode  is  a  pencil  of  gas  carbon  which  is  immersed  in  the 
fused  chloride  on  one  side  of  the  asbestos  diaphragm,  the  cathode 
being  of  iron  wire  bent  into  the  form  shown  and  placed  in  the 
electrolyte  on  the  other  side. 

A  current  of  from  5  to  7  amperes  is  used  from  the  no-volt 
circuit,  and  in  a  few  minutes  a  globule  of  metallic  lithium  will  ap- 
pear in  the  iron  wire  loop,  which  may  be  transferred  to  a  vessel  of 
kerosene  by  withdrawing  the  wire  and  tapping  off  the  petal  while 
it  is  still  melted. 

The  lithium  chloride  must  be  dry  and  is  first  fused  in  the  cru- 
cible over  the  gas  flame,  and  during  the  electrolysis  is  kept  in  the 
molten  condition  by  means  of  a  burner  placed  underneath  and  also 
by  the  resistance  of  the  current. 

The  modification  was  worked  out  mainly  by  one  of  my  students, 
P.  F.  Cowing,  who  obtained  considerable  quantities  of  the  metal  in 
this  way.  Samuel  A.  Tucker. 

Havbmbybr  Laboratories,  Columbia 
University,  May  31, 1903. 

A  Novel  Constant  High  Temperature  Bath.1 — The  sulphate 
method,  exemplified  by  the  work  of  G.  Kriiss,  for  the  determina- 
tion of  the  atomic  weight*  of  certain  elements  is  open  to  objections, 
as  first  pointed  out  by  Brauner  and  Povlicek  and  noted  by  Dennis 
and  myself,  but  it  answers  very  satisfactorily  as  a  criterion  in  the 
fractionation  of  the  rare  earths.  Our  source  of  heat  is  gasoline 
and  the  gas  pressure  varies  considerably  with  large  classes  in  the 
laboratories.  As  the  heating  continues  for  days  at  a  time,  it 
became  quite  necessary  to  devise  a  bath  which  might  be  regulated 
and  expected  to  remain  at  some  fixed  temperature  between  3500 
and  450 °  C.  The  accompanying  diagram  shows  a  section  of  the 
bath  designed  and  is  really  self-explanatory.  It  was  made  by 
Eimer  and  Amend  and  paid  for  in  part  by  a  grant  from  the 
American  Association  for  the  Advancement  of  Science  to  which  I 
owe  sincere  thanks. 

The  apparatus  consists  essentially  of  a  porcelain-lined  water- 

*  Read  at  the  Pittsburg  meeting  of  the  American  Chemical  Society. 
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bath  with  a  copper  flange,  depressed  to  support  the  copper  cover, 
bound  to  the  top,  and  a  fusible  alloy.  The  use  of  a  fusible  alloy  as 
a  bath  for  moderately  high  temperatures  is  not  new.  The  flange 
has  three  sections,  i  cm.  across,  cut  out  equidistant  to  permit  the 
passage  of  the  copper  springs,  which  hold  the  iron  float  depressed 
in  the  molten  alloy,  when  it  is  desired  to  remove  it.     The  float  in 


Scale :  5  mm.  =  2  cm. 

1.  Brats  sheath  for  thermometer,  graduated  to  550*  C ;  2.  Closed  iron  cylinder,  con- 
taining thermostat ;  3.  Copper  cover;  4-  Iron  float,  containing  era  rib  le  molds,  5;  held 
down  by  springs,  6,  bearing  against  flange ;  7.  Bath  of  molten  alloy ;  8.  Asbestos  sbests 
ing ;  9.  Asbestos  cover ;  10.  Asbestos  ring. 

this  particular  bath  has  three  depressions  made  to  hold  evenly 
platinum  crucibles  of  60  cc.  capacity.  One  is  for  the  counterpoise 
and  the  third  is  for  the  thermometer  held  in  place  by  a  brass  sheath 
long  enough  to  allow  the  bulb  to  reach  the  center  of  the  depres- 
sion. The  three  places  were  regarded  necessary  on  account  of 
danger  of  introducing  impurities  into  a  crucible  during  the  inser- 
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tion  or  removal  of  the  thermometer,  which  contains  mercury  with 
carbon  dioxide  under  twenty  atmospheres'  pressure.  The  ther- 
mometer was  standardized  at  the  Reichsanstalt.  The  float  is 
handled  by  means  of  a  small  iron  cylinder  rising  vertically.  It  is 
much  enlarged  above  the  second  cover  (asbestos)  to  hold  a  short 
mercury  thermostat  made  of  especially  resistant  glass.  The  two 
covers  have  hit-and-miss  slits  that  they  may  be  taken  off  for  re- 
moval of  crucible.  All  exposed  surfaced  of  the  bath,  except  where 
it  is  heated,  are  jacketed  with  heavy  asbestos.  The  large  excess  of 
acid  sometimes  used  in  the  determinations  is  first  driven  off  in  a 
hot  air  platinum  bath  (to  be  described  in  due  time)  before  the 
crucibles  are  placed  in  this  bath.  Notable  corrosion  is  thus 
avoided.  The  source  of  heat  is  a  complex  Bunsen  burner. 
So  far  the  bath  has  given  perfect  satisfaction. 

Charles  Baskerville. 

University  op  North  Carolina, 
April,  1903. 

On  an  Adulteration  of  Lavender  Oil  with  Salicylic  Acid. — A 
French  lavender  oil,  which  the  following  constants  showed  to  be 
of  good  quality, 

dlho     =  0.893, 

Md=6°42\ 

Acid  number  =  4.48, 

Ester  content  =  35.52  per  cent,  as  linanyl  acetate, 
Soluble  in  2.5  vol.  and  more  70  per  cent,  alcohol, 
turned  red  after  some  time,  something  never  observed  before  in 
lavender  oil.    This  discoloration  was  traced  back  to  salicylic  acid, 
which  evidently  had  acted  on  some  defective  parts  inside  the 
tinned  cans. 

The  salicylic  acid  was  isolated  from  the  oil  by  shaking  the  same 
with  a  potash  solution  of  io°  Be.  Hydrochloric  acid  precipitated 
the  organic  acid  from  the  alkaline  solution.  Another  part  could 
be  obtained  by  extracting  the  filtrate  with  ether.  The  acid  was 
purified  by  repeated  fractional  precipitation  with  hydrochloric  acid 
from  its  alkaline  solution,  recrystallization  out  of  chloroform  and 
finally  out  of  water  with  addition  of  some  animal  charcoal.  The 
white  crystals,  now  quite  odorless,  melted  at  I56°-I57°.  They 
were  identified  as  salicylic  acid  by  the  characteristic  violet  colora- 
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tion  with  ferric  chloride  solution  and  the  odor  of  salicyl  methyl 
ester  by  heating  with  methyl  alcohol  and  sulphuric  acid. 

The  acid  number  of  the  oil  indicates  1.104  per  cent,  salicylic 
acid,  but  as  some  of  the  acid  reaction  is  due  to  the  natural  oil  any- 
how, one  can  guess  that  about  1  per  cent,  of  salicylic  acid  has  been 
added,  and  this  is  an  amount,  which  it  would  hardly  pay  to  put  in. 
In  my  opinion  it  was  a  test  case,  to  see  if  the  sophistication  would 
be  found  out,  with  the  intention  of  putting  more  in  the  next  time 
and  also  to  use  an  oil  of  a  poorer  quality,  anticipating  that  the 
analyst  would  neglect  the  acid  number  and  figure  the  whole 
saponification  number  for  esters. 

The  oil  did  not  contain  any  salicylic  ester :  no  fraction  of  the  oil, 
distilled  in  vacuo,  gave  a  violet  color  with  ferric  chloride  solution. 

An  alcoholic  solution  of  a  pure  lavender  oil  does  not  show  any 
red  or  violet  color  with  ferric  chloride,  but  an  oil  adulterated  with 
salicylic  acid  will. 

The  occurrence  of  this  attempt  of  adulteration  adds  salicylic 
acid  to  the  list  of  other  materials,  as  succinyl  methyl  ester,1  rosin* 
and  benzoic  acid,8  already  found  in  lavender  oil,  put  in  to  raise 
the  ester  content  found  by  analysis  or  else  obscure  the  analysis. 

J.  Everhard  Weber. 

CHBMICAL  T*ABOBATORY  OP  TMB  PKOCTBR 

AJID  Gamblb  Co.,  Ivobydalk. 

The  Prodyction  of  Acylamines  by  the  Interaction  of  Sodium 
Salts  of  Monobasic  Acids  and  Amine  Hydrochlorides. — On  page 
758  (August  number)  of  this  Journal,  Frederick  L.  Dunlap  pub- 
lishes a  paper  under  the  above  heading.  Dr.  Dunlap  produces 
sonle  aceto  compounds  by  the  action  of  an  acetate  on  the  hydro- 
chlorides of  various  amines.  He  states  that  he  is  aware  of  the 
existence  of  United  States  Patents  Nos.  574,395  and  574,396  "For 
the  manufacture  of  acetanilide."  He  goes  on  to  show  that  the 
method  which  he  outlines  is  a  general  one.  He  fails  to  state  that 
the  patents  cited  make  a  specific  point  of  the  general  nature  of 
the  reaction  in  question;  that,  in  fact,  the  letters  patent  are 
granted,  not  "For  the  manufacture  of  acetanilide,"  but  for  a 
"Process  for  obtaining  aceto  derivatives  of  aromatic  amines." 

*  Bchimmel's  Report,  April,  1897,  p.  34. 
a  Ibid.,  October,  1900,  p.  41. 

•  Ibid.,  April,  190a,  p.  46. 
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He  fails  to  state  that  the  inventors  specifically  named  a  number  of 
such  amines;  that  they  did  not  confine  themselves  to  the  hydro- 
chlorides, but  investigated  various  salts  of  such  amines,  e.  g.,  the 
sulphates;  and  they  also  availed  themselves  of  the  well  defined 
acid  acetates  such  as  KC2H802CaH40,. 

Dr.  Dunlap  entirely  ignores  the  work  of  the  patentees,  the 
writer  and  Dr.  Wm.  H.  Warren,  on  the  production  of  such  aceto 
compounds  from  mixtures  of  an  acetate,  the  amine  and  the  salt  of 
a  volatile  base  as  indicated  in  the  following  equation : 

RNHf :  MC.H.O, :  NH4C1  =  RNHOC, H, :  MCI :  NH8 :  H,0. 

The  general  method  of  Varley1  for  the  production  of  various 
amides  is  also  set  forth  in  Dr.  Dunlap's  paper  without  the  slightest 
reference  to  the  former's  extended  work  on  the  subject.  The 
method  of  manipulation,  it  is  true,  differs  somewhat,  as  Dr.  Dun- 
lap  works  in  a  closed  tube,  while  Varley  worked  in  open  vessels,  on 
larger  quantities  and  with  better  yields.  Varley's  work  was 
simultaneons  with  that  of  the  writer  and  Dr.  Warren,  but  entirely 
independent. 

Dr.  Dunlap's  statement  regarding  "The  Literature"  is  true  so 
far  as  our  work  is  concerned,  if  one  may  entirely  ignore  the 
patent  reports  of  this  and  foreign  countries.  It  is  not  true  as 
regards  Varley's  work.  It  would  seem  difficult  to  understand 
how  Dr.  Dunlap  could  have  ignored  Varley's  work  entirely  and, 
also,  the  general  nature  of  our  reaction  when  that  was  fully  set 
forth  even  in  the  title  of  the  patent,  not  to  speak  of  the  broader 
scope  of  our  work,  embracing,  as  it  did;  salts  in  general,  the  acid 
salts,  the  use  of  a  salt  of  a  more  volatile  base  and,  in  a  general 
way,  the  influence  of  the  amounts  of  the  various  reacting  sub- 
stances. The  last  subject  was  not  treated  at  length  by  us  for  the 
reason  that  the  reaction  seemed  to  follow  parallel  lines  with  that 
of  acetic  acid  and  aniline  as  studied  out  by  Menschutkin, — the 
mineral  salt  seeming  to  be  more  or  less  inert  after  being  formed 
in  the  melt.  An  excess  of  acid  and  acetate?  over  amine  was  bene- 
ficial, as  would  be  expected ;  and  a  still  greater  excess  of  acetate  is 
preferable  to  prevent  the  possibility  of  free  mineral  acid.  This 
is,  of  course,  provided  the  yield  is  to  be  calculated  from  the  amine. 

It  is  not  necessary  here  to  repeat  the  details  set  forth  in  the 

1  Bull.  Sot.  Chim.,  [3],  9, 690-693 ;  Ber.  d.  chem.  Gts.,  2)6,  R.  881. 
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patents  referred  to.  It  seems,  however,  not  out  of  place  to  call 
attention  to  the  reaction  as  worked  out  by  Dr.  Warren  and  the 
writer,  since  Dr.  Dunlap  seems  to  have  overlooked  its  general 
nature.  R.  W.  Corneuson. 

Bloomti&ld,  N.  J., 
August  8,  1903. 
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[Contribution  prom  the  Havemeyer  Laboratories,  Columbia  Uni- 
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THE  SYNTHESIS  OF  ALKYLKETODIHYDROQUINAZOLINES 

FROM  ANTHRANILIC  NIT  RILE.1 

By  Makstoh  Taylok  Booz&t  and  William  Plowkrs  Hajtd. 

Racahrad  July  31,  ipoa. 

THEORETICAL  PART. 

Bogert  and  GotthelF  have  already  shown2  that  ketodihydro- 
quinazolines  may  be  prepared  by  heating  together  in  sealed  tubes 
anthranilic  acid,  or  its  acyl  derivatives,  with  a  nitrile,  and  the 
reactions  there  suggested  in  explanation  of  this  synthesis,  taking 
the  case  where  an  acylanthranilic  acid  was  the  starting-point, 
were  as  follows: 

.NH.CO.CH,  /NH.CO.CH, 

C.H/  +  CH.CN  =  CeH4< 

XJOOH  XiO.NH.CO.CH, 

,N— C-CH, 

<N=C— CHt 
I  + 

0 


O— NH— iCO— CH, 


O-NH 

CH..COOH. 


It  will  be  seen  upon  examining  the  structure  of  the  hypo- 

1  Read  before  the  New  York  Section  of  the  American  Chemical  Society,  at  its  meeting 
January  24,  190a. 

t  ThJa  Journal,  m,  1  jo  and  51a ;  sj, 6x1. 
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thetical  intermediate  product,  the  secondary  .amide,  that  the 
— CO — NH — CO — group  being  symmetrical  should  be  formed 
equally  well  from  RCN  +  R'.COOH  as  from  R'CN  +  R.COOH; 
in  other  words,  as  the'  condensation  takes  place  solely  between 
the  CN  and  COOH  it  is  immaterial  which  radical  carries  the 
CN  and  which  the  COOH.  This  same  secondary  amide  should 
therefore  result  when  acetylanthranilic  nitrile  is  heated  with 
acetic  acid,  as  follows: 


,NH.CO.CH,  yNH, 

CtH4<:  +  CH..COOH  =  C,H4< 

XCN  Nx>.: 


,NH.CO.CH,  yNH.CO.CHt 

NH.CO.CH,' 

At  higher  temperatures  then,  acetic  acid  would  split  off,  as 
indicated,  with  production  of  the  quinazoline  body,  and  we  have 
in  this  manner  prepared  a  number  of  the  quinazolines  in  question, 
the  products  being  in  every  case  identical  with  the  compounds 
obtained  from  anthranilic  acid  already  described  in  the  articles 
referred  to. 

The  alkylketodihydroquinazolines  may  therefore  be  prepared 
either  from  anthranilic  acid  or  from  the  corresponding  nitrile. 
In  cases  where  the  0-amino  acid  is  best  obtained  by  saponification 
of  the  nitrile,  it  is  convenient  to  be  able  to  pass  directly  to  the 
quinazoline  from  the  nitrile  without  having  to  prepare  the  acid  at 
all,  thereby  saving  one  step  in  the  synthesis.  We  have  thus  pre- 
pared quinazolines  from  homoanthranilic  nitrile. 

The  starting-point  for  our  work  was  0-nitraniline,  from  which 
o-nitrobenzonitrile  was  prepared  by  the  Sandmeyer  reaction,  the 
yield  being  excellent.  The  nitronitrile  can  be  entirely  freed  from 
precipitated  mineral  cyanides  by  crystallizing  from  boiling  car- 
bon tetrachloride  in  which  the  latter  are  insoluble.  This 
method  of  purification  had  been  worked  out  by  one  of  us 
before  the  article  by  Friedlander1  came  to  our  attention.  The 
latter  uses  benzene  as  the  means  of  separating  the  nitronitrile 
from  the  mineral  cyanides,  but  we  do  not  consider  this  so  good  a 
solvent  as  carbon  tetrachloride,  since  the  nitronitrile  is  much  less 
soluble  in  cold  carbon  tetrachloride  than  in  cold  benzene,  and 
where  the  latter  is  used  much  more  of  the  compound  is  left  in 
the  mother-liquors.    The  old  process  of  purification  by  distillation 

»  Monatsh.  Chert.,  19, 637  (1898). 
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in  a*  current  of  superheated  steam  may  therefore  be  abandoned.1 
The  reduction  of  the  nitronitrile  is  very  readily  accomplished 
by  the  use  of  stannous  chloride  and  hydrochloric  acid,  with  proper 
regulation  of  the  temperature;  the  chloride  of  the  aminonitrile 
then  being  precipitated  by  adding  an  excess  of  concentrated 
hydrochloric  acid,2  the  tedious  precipitation  of  the  tin  by  hydro- 
gen sulphide  being  thus  wholly  avoided.  The  free  base  may  be 
recovered  from  its  chloride  by  treatment  with  ice-cold  alkali, 
collecting  the  base  in  ether;  or,  by  adding  an  excess  of  strong 
ammonia  water  to  the  aqueous  solution  of  the  chloride  the  free 
base  is  immediately  precipitated,  and  when  washed  we^with  cold 
water  is  practically  pure.  By  this  process,  we  have  obtained 
yields  of  nearly  90  per  cent,  of  that  theoretically  obtainable  from 
the  nitronitrile,  and  wittiout  a  sign  of  saponification,  no  amide 
being  found  in  any  case,  contrary  to  the  experience  of  Pinnow 
and  Muller,8  Pinnow  and  Saemann,4  and  Friedlander.5 

The  anthranilic  nitrile  thus  obtained  was  heated  in  sealed  tubes 
with  glacial  formic  acid,  and  with  the  anhydrides  of  acetic, 
propionic,  normal  butyric,  isobutyric  and  isovaleric  acid.  With 
formic  acid  no  satisfactory  results  were  obtained.  In  all  the 
other  cases  the  quinazoline  was  obtained  as  expected,  although  the 
yields  are  not  so  good  as  from  anthranilic  acid.  By  using  the 
acid  anhydrides,  the  first  products  of  the  reaction  are  the  acyl- 
anthranilic  nitrites  and  the  fatty  acids,  which  then  react  at  higher 
temperatures  with  production  of  the  quinazolines.  The  presence 
of  any  water  in  the  tubes  is  thus  avoided  and  but  little  tar  is  pro- 
duced. 

Some  of  the  acylanthranilic  nitrites  were  isolated  in  the  pure 
state  and  further  investigated.  Like  the  quinazolines  obtainable 
from  them,  their  melting-points  decrease  with  increasing  molecular 
weight,  the  iso-compounds  melting  higher  than  those  with  nor- 
mal structure.  As  it  was  possible  that  the  formation  of  the 
quinazolines  was  due  to  a  rearrangement  of  the  isomeric  acyl- 
anthranilic nitriles  as  fellows : 

l  Pinnow  and  Miller :  Bcr.  d.  cktm.  Get.,  aS,  149  (1895);  Pinnow  and  Saemann  :  TWi., 

•  Aa  recommended  by  Friedlander.  toe.  cit, 

*Loc.aL 

*Loc.c*. 

*Loc.ciL 
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,NH.CO.CHt  yN=C.CHt 

)Q-NH 


yNH.CO.CH,  yN=C 

C€H4<  +  heat  =  C.H4<         | 


the  acetylanthranilic  nitrile,  was  heated  for  some  time  above  its 
melting-point,  and  it  was  also  heated  in  sealed  tubes  in  toluene  so- 
lution ;  but  in  neither  case  was  any  rearrangement  noted.  Never- 
theless, some  of  these  acylanthranilic  nitrites,  notably  the  higher 
ones,  when  in  aqueous  or  alcoholic  solution,  show  a  decided  ten- 
dency to  pass  over  into  the  quinazoline,  probably  by  addition  and 
splitting  off  of  the  elements  of  water  somewhat  in  the  manner  out- 
lined in  the  reaction  below. 

Weddige1  has  already  shown  that  acylanthranilamides  can  be 
readily  condensed  to  quinazolines  by  the  action  of  heat,  acids  or 
alkalies.  As  the  acyl  groups  in  these  acylanthranilic  nitriles  are 
not  readily  split  off,  it  seemed  possible  that  we  might  pass  direct 
from  these  latter  substances  to  the  quinazolines  without  separa- 
tion of  the  intermediate  amide  and  without  the  use  of  sealed 
tubes;  and  by  the  action  of  a  warm  alkaline  hydrogen  dioxide 
solution  this  change  was  accomplished  with  ease  and  rapidity, 
the  yield  of  quinazoline  usually  being  very  large,  and  the  only 
purification  necessary  being  a  single  crystallization  from  water  or 
dilute  alcohol.  Alkali  alone,  or  hydrogen  dioxide  alone,  we  did 
not  find  to  be  nearly  so  efficient  as  the  combination  of  the  two. 
The  reactions  which  occur  in  this  synthesis  are  probably  as 
follows : 


-.h/ 

^ 


NH.CO.CH,  .NH.CO.CH, 

+  H,0  =  C.hZ 
CN  XXD.NH, 

N— C—  CH8 

/iTHTH  yN=c.cH, 

CeH4<Q    jH    O    J    =C6H4/         |  +H.O. 

CO—  N— H 

The  ease  with  which  anthranilic  nitrile  may  be  converted  into  a 
quinazoline  by  the  action  of  acetic  anhydride  suggests  the  possi- 
bility of  obtaining  a  similar  condensation  by  the  action  of  acetic 
anhydride  upon  0-aminobenzaldoximes,  the  excess  of  anhydride 
changing  the  oxime  to  the  nitrile  when  the  other  reactions  out- 

1/.  praki.  Chtm.,  [a]  31, 134  (1885);  36,  141  (1887). 
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lined  will  take  place  with  production  of  the  quinazoline.  We 
shall  test  this  experimentally  and  communicate  our  results  in  a 
later  article. 

In  conclusion,  our  experiments  herein  recorded  indicate  that 
alkylketodihydroquinazolines  may  be  prepared:    < 

(1)  By  heating  anthranilic  nitrile  in  sealed  tubes  with  aliphatic 
acid  anhydrides. 

(2)  By  warming  acylanthranilic  nitrites  with  alkaline  hydrogen 
dioxide  solution. 

EXPERIMENTAL  PART. 

o-Nitrobenzonitrile. 

For  the  preparation  of  0-nitrobenzonitrile,  the  following  process 
was  found  to  give  the  best  results : 

13.8  grams  finely  pulverized  o-nitraniline  are  treated  with  17.5 
cc.  concentrated  hydrochloric  acid  (sp.  gr.  1.187)  and  the  mass 
stirred  until  all  is  changed  to  the  white  chloride,  taking  care  to 
crush  up  all  lumps  of  0-nitraniline  in  order  that  the  conversion  to 
the  chloride  may  be  complete.  500  cc.  of  water  are  then  added  all 
at  once  and  the  mixture  stirred  thoroughly,  causing  the  dissocia- 
tion of  the  chloride  and  the  separation  of  the  free  base  in  fine 
flocks  which  diazotize  much  more  rapidly  than  the  finely  pulver- 
ized nitraniline.  The  suspended  nitraniline  is  then  diazotized  by 
adding  a  solution  of  7  grams  sodium  nitrite  dissolved  in  40  cc. 
water,  stirring  constantly  with  a  turbine.  No  external  cooling  is 
necessary  during  the  operation  as  the  diazo-body  is  remarkably 
stable  at  ordinary  temperatures,  no  appreciable  decomposition 
occurring  even  on  standing  forty-eight  hours  at  laboratory  tem- 
perature, and  cooling  only  retards  the  diazotizing  and  diminishes 
the  yield,  of  nitronitrile.  At  least  one  hour  should  be  occupied  in 
adding  the  sodium  nitrite  solution,  and  the  mass  should  then  be 
stirred  for  another  hour,  when  all  the  orange  nitraniline  should 
be  changed  to  the  light-colored  flocculent  diazo-compound  and 
starch  iodide  paper  should  still  show  the  presence  of  an  excess  of 
nitrous  acid.  If  the  vessel  then  be  allowed  to  stand  for  a  few 
moments,  any  undiazotized  nitraniline  will  collect  on  the  bottom, 
and  by  careful  decantation  the  suspended  diazo-body  may  be 
poured  off  from  the  heavier  nitraniline.  Although  with  careful 
manipulation  but  little  nitraniline  escapes  diazotizing,  yet  it  is 
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advisable  to  decant  fr^m  it  at  this  point,  as  otherwise  it  follows 
the  nitronitrile  and  must  be  separated  from  it  later. 

The  suspended  diazo-body  is  then  poured  very  slowly  into  a 
cuprous  potassium  cyanide  solution,  prepared  from  25  grams 
crystallized  copper  sulphate,  150  cc.  water  and  28  grams  96  per 
cent,  potassium  cyanide  (carried  out  under  a  hood,  on  account  of 
the  cyanogen  evolved).  The  cuprous  potassium  cyanide  should 
be  maintained  at  about  90 °  and  stirred  constantly  during  the  addi- 
tion of  the  diazo  solution.  The  yield  of  nitronitrile  depends 
largely  upon  this  part  of  the  operation.  If  the  diazo  solution  is 
added  very  slowly  with  vigorous  stirring,  and  the  temperature 
kept  at  90°-ioo°,  the  yield  will  be  large;  rapid  addition  of  the 
diazo  mixture,  or  allowing  the  temperature  of  the  cyanide  solu- 
tion to  sink  much  below  90 °,  diminishes  the  yield  considerably. 
When  all  the  diazo  solution  has  been  added,  the  mixture  is  boiled 
for  a  few  minutes  over  the  open  flame  and  filtered  through  a  hot- 
water  funnel.  On  cooling,  the  nitronitrile  crystallizes  from  the 
filtrate  in  long  yellow  needles  mixed  with  considerable  cuprous 
potassium  cyanide.  A  large  amount  of  the  nitrile  remains  behind 
in  what  appears  to  be  tar.  By  extracting  this  with  boiling  water 
so  long  as  crystals  separate  from  the  filtrate,  on  cooling,  the  rest  of 
the  nitrile  may  be  recovered.  The  crystals  obtained  by  extracting 
the  tar  are  practically  pure  and  free  from  mineral  cyanides.  The 
actual  amount  of  insoluble  tar  remaining  affer  these  extractions  is 
very  small. 

The  crude  crystals  are  washed  well  with  cold  water,  dried  and 
pulverized.  By  extracting  this  dry  material  with  boiling  carbon 
tetrachloride,  the  nitronitrile  is  readily  dissolved  while  the  mineral 
cyanides  remain  behind  absolutely  insoluble.  From  the  carbon 
tetrachloride  filtrate,  on  cooling,  the  nitronitrile  crystallizes  out, 
almost  completely,  in  "beautiful  golden  yellow  scales,  carrying  any 
unseparated  nitraniline,  and  the  amount  of  the  latter  substance 
present  may  be  roughly  judged  by  the  depth  of  color  of  the 
crystals  and  the  extent  of  the  orange-colored  ring  upon  the  filter- 
paper  above  them  when  they  are  filtered  out.  By  recrystallization 
from  boiling  moderately  dilute  acetic  acid,  the  nitraniline  is  re- 
moved and  the  nitronitrile  obtained  in  nearly  colorless  crystals 
(m.  p.  1090).  By  further  crystallization  from  dilute  acetic  acid, 
or  from  water,  the  melting-point  may  be  raised  to  109.50  at  which 
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point  it  remains  constant  (all ,  melting-points  recorded  in  this 
article  were  determined  with  standardized  short-scale  Anschutz 
thermometers,  the  entire  mercury  column  being  immersed  in  the 
heating  medium). 

The  authors  have  repeatedly  obtained  12  grams  of  thecrudenitro- 
nitrile  from  13.8  grams  of  the  nitraniline,  a  yield  of  87  pet  cent,  of 
the  weight  of  the  nitraniline  used,  and  the  yield  is  equally  good 
when  working  with  five  to  ten  times  the  above  charges.  The 
yield  of  pure  nitronitrile  (m.  p.  109.50)  amounts  to  about  70  per 
cent,  of  the  weight  of  the  nitraniline  used.  As  to  the  amount  of 
mineral  cyanide  carried  down  with  the  nitronitrile— of  285  grams 
crude  nitrile  obtained  in  one  experiment,  28  grams  consisted  of 
mineral  matter  insoluble  in  boiling  carbon  tetrachloride. 

The  process  outlined  above  is  based  upon  that  of  Sandmeyer,1 
with  certain  improvements  suggested  by  Pinnow  and  Muller*  and 
by  Friedlander,*  together  with  some  modifications  of  our  own. 
Pinnow  and  Mullet*4  recommend  the  use  of  much  more  concen- 
trated solutions,  but  their  process  was  fax  less  satisfactory  in  the 
hands  of  the  writers  than  the  one  given  above.  So  little  water  is 
used  in  their  method  that  the  diazo  solution  forms  a  stiff  paste 
which  it  is  difficult  to  stir  properly,  and  the  yield  of  crude  nitrile 
is  smaller,  besides  being  richer  in  mineral  cyanides. 

Pure  0-nitrobenzonitrile  crystallizes  from  dilute  acetic  acid  or 
from  water  in  feathery  bunches  of  fine  colorless  needles,  occa- 
sionally united  in  transparent  films  with  comb-like  edges;  from 
carbon  tetrachloride  it  crystallizes  in  a  web  of  colorless  dazzling 
tinsel-like  filaments  of  iridescent  luster,  so  firmly  interwoven  that, 
after  pouring  out  the  carbon  tetrachloride,  it  may  be  removed 
from  the  beaker  in  a  single  mass  which  is  not  easily  torn  apart. 
It  is  very  readily  soluble  in  chloroform,  acetone,  ethyl  acetate; 
easily  in  methyl  alcohol,  ethyl  alcohol,  ethyl  nitrate,  absolute 
ether,  glacial  acetic  acid,  benzene  and  nitrobenzene ;  slowly  soluble 
in,cold  isoamyl  alcohol,  dissolving  rapidly  when  heated ;  difficultly 
soluble  in  cold  water,  moderately  soluble  on  boiling ;  very  slightly 
soluble  in  cold  carbon  tetrachloride,  quite  readily  in  hot;  difficultly 
soluble  in  cold  oil  of  turpentine,  easily  in  hot :  difficultly  soluble  in 

1  Ber.  <L  cJUm.  Gts.%  •••  149a  (1885). 

*Loe.cU. 

•Loc.ciL 

4  Lee,  ctt. 
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boiling  carbon  bisulphide,  petroleum  ether  or  benzine.  It  dis- 
solves very  slowly  in  cold  concentrated  hydrochloric  acid  and  can 
be  reprecipitated  unchanged  (m.  p.  109.50)  by  diluting  with 
water. 

o-Aminobenzonitrile  (Anthranilic  Nitrile). 

According  to  our  experience,  the  reduction  of  the  nitronitrile 
can  be  accomplished  more  satisfactorily  with  stannous  chloride 
and  hydrochloric  acid  than  with  tin  and  hydrochloric  acid. 

The  following  process,  based  upon  the  method  of  Pinnow  and 
Saemann1  and  embodying  certain  suggestions  due  to  Friedlander% 
has  given  excellent  results. 

500  grams  stannous  chloride  are  dissolved  in  425  cc  concen- 
trated hydrochloric  acid  diluted  with  7.5  cc.  of  water,  and  the  so- 
lution is  stirred  vigorously  with  a  turbine  while  100  grams  of  the 
nitronitrile  are  gradually  added  at  such  a  rate  that  the  tempera- 
ture of  the  solution  remains  at  20°-30°,  occasional  cooling  with 
ice  being  necessary.  Below  200  the  reduction  proceeds  very 
slowly.  As  the  action  progresses  the  nitronitrile  grad- 
ually dissolves,  and  the  reduction  should  be  complete  in 
a  few  hours.  If  the  chloride  of  the  aminonitrile  begins  to 
separate  before  the  completion  of  the  reduction  it  can  be  brought 
into  solution  again  by  careful  addition  of  water.  When  all  the 
nitronitrile  has  been  reduced  a  large  volume  of  concentrated  hy- 
drochloric acid  is  added  and  the  mixture  is  left  for  twelve  to 
eighteen  hours  at  o°.  Nearly  all  of  the  aminonitrile  will  thus 
be  precipitated  as  the  chloride,  in  fine  white  granular  crystals 
which  can  be  filtered  out  through  asbestos.  The  amount  of  this 
chloride  remaining  in  the  acid  mother-liquor  is  usually  very  small 
and  not  sufficient  to  pay  for  the  time  and  trouble  necessary  to  re- 
cover it.  Of  course,  if  the  reducing  solution  be  too  greatly 
diluted  with  water,  the  precipitation  with  hydrochloric  acid  will 
be  much  less  complete,  and  it  may  then  be  advisable  to  work  over 
the  mother-liquor.  In  one  of  our  experiments  there  was  pre- 
cipitated by  the  hydrochloric  acid  an  amount  of  aminonitrile  chlo- 
ride equivalent  to  a  yield  of  80  per  cent,  of  that  theoretically 
obtainable  from  the  nitronitrile,  while  from  the  acid  mother- 

iLoc.cit. 
*  Local. 
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liquor  there  was  recovered  but  5  per  cent,  more,  making  the  total 
yield  85  per  cent  of  the  theoretical.  The  precipitated  chloride  is 
washed  free  from  tin  with  concentrated  hydrochloric  acid,  sucked 
as  dry  as  possible,  and  the  free  base  liberated  by  either  of  the 
following  methods: 

(1)  The  chloride  is  added  to  a  mixture  of  ice  and  ether  con- 
tained in  a  separatory  funnel.  Sodium  hydroxide  solution  is 
poured  in  to  alkaline  reaction,  the  mixture  well  shaken  and  the 
ether  poured  off,  the  residual  aqueous  solution  being  extracted 
three  or  four  times  more  with  ether.  The  ethereal  extracts  are 
combined,  dried  with  calcium  chloride,  the  ether  distilled  off,  and 
the  brown  liquid  residue  placed  in  vacuo  over  concentrated  sul- 
phuric acid  where  it  soon  solidifies  in  a  light  brown  crystalline 
cake  melting  at  49  °  C. 

(2)  The  chloride  may  be  added  direct  to  an  excess  of  moder- 
ately dilute  ammonia  water,  the  precipitated  base  washed  with 
water  till  free  from  ammonium  chloride,  dried  and  crystallized 
from  carbon  bisulphide.  The  yield  of  pure  aminonitrile  by  this 
process  is  usually  at  least  85  per  cent,  of  the  theoretical.  We 
Tiave  not  observed  in  any  case  the  formation  of  nitro-  or  amino- 
amide,  the  crystals  which  separated  during  reduction  being 
invariably  only  the  chloride  of  the  amino-nitrile,  the  free  base 
obtained  from  them  being  always  instantly  and  completely  soluble 
in  cold  benzene  (in  which  the  o-nitro-  and  0-aminobenzamides  are 
difficultly  soluble). 

The  melting-point  of  the  crude  aminonitrile  is  490;  on  re- 
crystallization  this  may  be  raised  to  49.5  °  at  which  point  it  re- 
mains constant.    Priedlander1  gives  the  melting-point  as  50°-5i°. 

Pure  anthranilic  nitrile  crystallizes  in  colorless  glassy  mono- 
clinic  prisms.  By  slow  cooling  of  a  carbon  bisulphide  solution, 
we  have  obtained  some  superb  prisms  of  light  yellow  cast,  two 
inches  long  by  a  quarter  of  an  inch  thick  and  perfectly  formed. 
It  is  very  easily  soluble  in  chloroform,  methyl  alcohol,  ethyl  alco- 
hol, ethyl  nitrate,  absolute  ether,  acetone,  ethyl  acetate,  carbon 
bisulphide,  benzene,  nitrobenzene  and  pyridine;  easily  soluble  in 
carbon  tetrachloride  and  amyl  alcohol ;  moderately  soluble  in  cold 
oil  of  turpentine,  very  easily  on  boiling;  difficultly  soluble  in  cold 
-water,  moderately  soluble  at  boiling-point ;  insoluble  in  cold  con- 
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centrated  ammonia  water,  moderately  soluble  boiling;  insoluble 
in  cold  petroleum  ether  or  benzine,  slightly  soluble  boiling.  Prom 
boiling  water  the  substance  often  separates  as  an  oil  which  only 
slowly  solidifies  on  standing.  Occasionally,  glassy  blades  may  be 
obtained  from  water,  but  if  these  are  left  in  the  solution  for  a  few 
days  they  become  white  and  opaque  and  then  show  a  lower 
melting-point  (46°-47°).  The  carbon  bisulphide  solution  is  verjr 
sensitive  to  changes  of  temperature;  from  a  solution  prepared  at 
the  ordinary  temperature  the  nitrile  may  be  crystallized  out 
almost  completely  by  cooling  slowly  in  a  freezing-mixture;  and 
large  crystals  which  have  separated  by  slow  evaporation  of  the 
solvent  at  the  ordinary  temperature  may  all  be  redissolved  quite 
rapidly  by  a  slight  rise  in  the  temperature  of  the  laboratory. 

Hydrochloride  of  Anthranilic  Nitrile. 

To  prepare  this  chloride,  the  nitrile  was  dissolved  in  dry  ether 
and  a  stream  of  dry  hydrochloric  acid  gas  passed  in.  The  chlo- 
ride precipitated  immediately,  and  was  filtered  out,  washed  with 
dry  ether,  and  recrystallized  from  glacial  acetic  acid.  These 
crystals  decompose  when  heated  slowly,  but  can  be  melted  if 
heated  quickly.  They  are  instantly  dissociated  by  water  and 
give  off  hydrochloric  acid  even  in  the  air.  They  dissolve  quite 
easily  in  absolute  alcohol,  are  sparingly  soluble  in  boiling  toluene, 
moderately  soluble  in  glacial  acetic  acid  (with  partial  dissocia- 
tion), and  are  apparently  insoluble  in  chloroform,  carbon  tetra- 
chloride, benzene,  absolute  ether,  ligroin  or  acetone. 

Pinnow  and  Muller1  state  that  this  chloride  crystallizes  in 
beautiful  tablets  which  are  quite  stable,  although  they  also  admit 
that  they  tend  to  dissociate  in  aqueous  solution,  while  Pinnow 
and  Saemann*  attempted  to  separate  anthranilic  nitrile  from  the 
corresponding  amide  by  crystallizing  their  chlorides  from  water. 
Our  experience  concerning  the  stability  in  aqueous  solution  of  the 
chloride  of  anthranilic  nitrile  is  quite  at  variance  with  these  state- 
ments. In  concentrated  hydrochloric  acid  the  chloride  appears  to 
be  quite  stable,  however. 

•Locctt. 
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The  Preparation  of  2-Alkyl-4-ketodihydroquinazolines  by  Heat- 
ing AnthranUic  Nitrile  in  Sealed  Tubes  with  Ali- 
phatic Acids  or  Their  Anhydrides. 

( 1 )  AnthranUic  Nitrile  and  Glacial  Formic  Acid. — These  two 
substances  were  heated  together  in  sealed  tubes  for  eight  hours  at 
270° -284  °,  but  no  quinazoline  could  be  found  in  the  reaction 
product. 

(2)  AnthranUic  Nitrile  and  Acetic  Anhydride.  Tube  I. — 
Four  grams  of  the  nitrile  and  3  cc.  of  acetic  anhydride  were 
heated  in  a  sealed  tube  for  six  hours  at  17 5° ,  and  (hen  for  five 
hours  at  2000.  There  was  no  pressure  in  the  tube  when  cold,  and 
the  contents  consisted  of  a  yellow  crystalline  mass  of  fine  felted 
needles.  This  crystalline  mass  was  repeatedly  washed  with  ether, 
the  residue  crystallized  from  nitrobenzene,  the  crystals  obtained, 
washed  with  naphtha,  then  with  petroleum  ether,  dried,  and  re- 
crystallized  from  boiling  water,  containing  some  bone-black. 
From  the  filtrate,  on  cooling,  there  separated  short  glassy  needles 
of  the  2-methyl-4-ketodihydroquinazoline,  melting  sharply  at 
239 °  and  identical  in  all  respects  with  that  obtained  by  the  action 
of  acetic  anhydride  and  acetonitrile  upon  anthranilic  acid.  A 
mixture  of  the  products  obtained  from  these  two  sources  shpwed 
the  same  sharp  melting-point  as  when  the  two  were  melted 
separately. 

The  crystals  are  very  easily  soluble  in  glacial  acetic  acid  or  in 
concentrated  potassium  hydroxide  solution;  they  are  difficultly 
soluble  in  petroleum  ether,  naphtha,  carbon  tetrachloride,  ethyl 
nitrate,  ether,  acetic  anhydride,  carbon  bisulphide,  benzene, 
xylene,  cymene,  or  concentrated  hydrochloric  acid;  difficultly 
soluble  in  cold  water,  chloroform,  acetone,  ethyl  acetate,  or  oil  of 
turpentine,  moderately  soluble  in  the  same  solvents  at  the  boiling- 
point  ;  difficultly  soluble  in  cold  methyl,  ethyl  or  isoamyl  alcohols, 
glycerol,  or  nitrobenzene,  easily  soluble  in  the  same  on  boiling.  An 
alcoholic  solution  of  the  base,  treated  with  concentrated  hydrochloric 
acid,  gives  an  immediate  crystalline  precipitate  of  the  chloride 
The  latter  sublimes  unchanged,  without  melting,  and  is  less 
soluble  in  dilute  hydrochloric  acid  than  in  water.  The  crystals  of 
the  free  base  and  also  of  the  chloride  frequently  show  a  faint 
yellowish  green  cast. 
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Tube  2. — 2.5  grams  of  the  nitrile  and  3  cc.  of  the  ^hydride 
were  heated  for  ten  hours  at  274°-282°,  the  crude  product  dis- 
solved in  hot  alcohol,  the  solution  bone-blacked,  filtered  hot,  and 
the  filtrate  concentrated.  On  cooling,  crystals  of  the  quinazoline 
compound  separated,  melting  at  237.5  °  to  238.5  °.  Some  of  the 
purified  crystals  (m.  p.  2390)  were  dried  to  constant  weight  at 
1 350  and  analyzed: 

I.  0.1814  gram  substance  gave  29.1  cc.  nitrogen  at  23°  and  748 
mm.  =  17.78  per  cent,  nitrogen. 

II.  0.2000  gram  substance  gave  0.4960  gram  carbon  dioxide 
and  0.0900  gram  water  =  67.63  per  cent,  carbon  and  5  per  cent, 
hydrogen. 

Calculated  for  Pound. 

C,H,ONt.  I.  II. 

Nitrogen 17.50  J7-7& 

Carbon 67.50  . . .  •  67.63 

Hydrogen 5.00  •  •  •  •  5.00 

The  picrate,  recrystallized  from  water,  forms  yellow  prisms 
(m.  p.  207.5°-2o8.5°). 

(3)  Anthranilic  Nitrite  and  Propionic  Anhydride.  Tube  1. — 2.5 
grams  of  the  nitrile  and  3  cc.  of  the  anhydride  were  heated  for 
five  hours  at  2500,  and  then  for  three  hours  at  275°-28o°.  On 
opening  the  tube  no  pressure  was  evident,  and  the  contents  were 
dissolved  in  boiling  alcohol,  the  solution  bone-blacked,  filtered 
hot,  and  the  filtrate  concentrated.  On  cooling,  crystals  separated 
melting  at  220°-23i°,  brownish  in  color  and  evidently  a  mixture. 
Washed  with  boiling  water  and  recrystallized  from  dilute  alcohol, 
brownish  crystals  were  obtained  melting  at  220°-232°.  As  the 
amount  of  these  crystals  was  small,  further  purification  was 
deemed  useless,  the  reaction  being  evidently  incomplete. 

Tube  2. — This  tube  contained  the  same  charge  as  Tube  1,  but 
was  heated  for  six  and  a  half  hours  at  270°-28o°,  then  two  hours 
at  2300,  and  finally  for  six  hours  longer  at  274°-285°.  There  was 
no  pressure  in  the  tube  when  cold,  and  the  contents  were  repeatedly 
crystallized  from  carbon  tetrachloride,  yielding  crystals  which 
were  easily  soluble  in  boiling  carbon  tetrachloride  but  difficultly 
soluble  in  it  cold,  and  which  melted  at  232.5°-233.5°,  softening 
somewhat  at  231  °.  These  crystals  are  identical  in  all  their 
properties  with  the  2-ethyl-4-ketodihydroquinazoline  prepared  from 
anthranilic  acid,  the  melting-point  of  which  is  2340. 
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The  picrate  melted  at  I93°-I94°,  while  that  obtained  from 
anthranilic  acid  melted  a  trifle  lower  (i9i°-i92°). 

(4)  Anthranilic  Nitrite  and  Normal  Butyric  Anhydride.  Tube 
1. — The  nitrile  and  anhydride  were  heated  together  for  three 
hours  at  i6o°-i98°,  and  then  for  five  hours  at  i92°-220°.  The 
contents  of  the  tube  appeared  gray  and  crystalline,  and  by  extract- 
ing with  boiling  water,  crystals  w^re  obtained  melting  at  1980, 
which,  when  recrystallized  from  water,  formed  fine  colorless 
needles,  identical  in  all  their  properties  with  the  2-n-propyl- 
4-ketodihydroquinazoline  prepared  from  anthranilic  acid. 

Tube  2  contained  2.5  grams  of  the  nitrile  and  3  cc.  of  n-butyric 
anhydride,  and  was  heated  four  hours  at  i30°-2ii°,  then  for 
seven  hours  at  2io°-2i2°,  and  finally  for  three  hours  longer  at 
2i5°-255°.  The  product  was  dissolved  in  boiling  alcohol,  the 
solution  bone-blacked,  filtered  hot,  and  the  filtrate  concentrated; 
on  cooling,  small  crystals  of  the  quinazoline  separated,  which, 
when  recrystallized  from  dilute  alcohol,  melted  sharply  at  200 °- 

200.8°. 

The  picrate,  after  repeated  crystallization,  showed  a  melting- 
point  of  i84.s°-i8s°.    Gotthelf1  gives  the  melting-point  as  1830- 

1840. 

(5)  Anthranilic  Nitrile  andIsobutyricAnhydri.de. — 2.5gramsof 
the  nitrile  and  3  cc.  of  the  anhydride  were  heated  for  six  hours  at 
224°-229°  and  then  for  six  and  a  half  hours  at  275°.  On  cooling, 
no  pressure  was  evident  in  the  tube.  The  crude  product  was 
worked  up  in  exactly  the  same  manner  as  described  for  Tube  2 
above,  the  crystals  which  separated  from  the  alcoholic  solution 
being  recrystallized  from  dilute  alcohol.  Colorless  needles  were 
thus  obtained,  melting  at  23i.5°-232°,  agreeing  in  all  their 
properties  with  the  2-isopropyl-4-ketodihydroquinazoline  obtained 
from  anthranilic  acid. 

The  picrate  melts  at  2o8.50-209.5°.  The  melting-point  of  2130- 
214°  recorded  for  this  picrate  by  Gotthelf8  is  evidently  a  mistake, 
as  we  have  tested  his  own  product  and  found  its  melting-point  to 
be  2o8°-2o8.5°. 

(6)  Anthranilic  Nitrile  and  Isovaleric  Anhydride. — 2.5  grams 
of  the  nitrile  and  3  cc.  of  the  anhydride  were  heated  for  six  hours 

1  This  Journal,  33, 611. 
*Loc.dt. 
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at  224°-229°  and  then  for  six  and  a  half  hours  at  275 °,  there  being 
no  pressure  in  the  tube  when  cold.  The  crude  product  was 
treated  in  the  manner  just  described,  the  first  crystals  obtained 
being  recrystallized  from  dilute  alcohol,  when  they  showed  a 
melting-point  of  I94°-I95°,  and  proved  to  be  identical  with 
2-isobutyl-4-ketodihydroquinazoline  prepared  from  anthranilic 
acid. 

The  picrate  melted  at  i88.5°-i89.S°.  The  melting-point  re- 
corded by  Gotthelf1  for  the  same  substance  is  192.  It  is  not  easy 
to  determine  the  melting-points  of  these  picrates  accurately,  as 
they  generally  darken  and  soften  several  degrees  below  the  actual 
melting-point. 

The  Preparation  of  Acyl  Derivatives  of  Anthranilic  Nitrite. 

(1)  The  Action  of  Glacial  Formic  Acid  upon  Anthranilic  Ni- 
trite.— Five  cc.  of  absolute  formic  acid  wfere  poured  over  five 
grams  of  the  nitrile,  causing  the  latter  to  dissolve  with  absorption 
of  considerable  heat.  The  solution  was  gently  boiled  on  the 
sand-bath  for  two  hours  and  then  allowed  to  cool.  The  product 
was  a  yellow  crystalline  cake,  a  portion  of  which  when  heated  to 
2000  appeared  to  suffer  decomposition  with  evolution  of  gas.  The 
cake  itself  is  composed  of  a  mixture  of  various  substances  and  we 
have  separated  from  it  white,  warty  masses  easily  soluble  in  boil- 
ing water ;  also  long  yellow  needles,  apparently  insoluble  in  boil- 
ing water  and  difficultly  soluble  in  boiling  alcohol,  together  with 
a  flocculent  yellow  substance  soluble  in  95  per  cent,  alcohol.  None 
of  these  products  could  be  secured  in  sufficient  amount  or  purity 
to  render  an  analysis  of  any  value.  The  white,  warty  masses  are 
evidently  the  formyl  derivative  of  the  nitrile,  since  a  quinazoline 
can  be  obtained  from  them  on  treatment  with  warm,  alkaline 
hydrogen  dioxide  solution. 

(2)  The  Action  of  Acetic  Anhydrideupon  Anthranilic  Nitrile. — 
Anthranilic  nitrile  dissolves  quite  rapidly  in  acetic  anhydride  with 
the  absorption  of  considerable  heat ;  this  heat  is  soon  given  off 
again  and  the  solution  gradually  warms  up  to  the  boiling-point  of 
the  anhydride ;  on  cooling  down  again  a  solid  crystalline  cake  is 
formed.    This  cake  is  melted  and  gently  boiled  for  a  few  hoars 
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on  the  sand-bath,  the  hot  liquid  is  poured  into  boiling  water,  the 
mixture  boiled  for  a  few  minutes  and  the  solution  filtered  hot 
From  the  filtrate,  on  cooling,  the  acetyl  derivative  crystallizes  in 
long,  white,  silky  needles  (m.  p.  132.5),  as  given  by  Pinnow  and 
Saemann.1  By  heating  for  some  time  above  its  melting-point,  no 
rearrangement  of  the  compound  to  the  isomeric  quinazoline  was 
noted.  The  crystals  are  very  easily  soluble  in  chloroform,  methyl 
alcohol,  ethyl  alcohol,  isoamyl  alcohol,  ethyl  nitrate,  ether,  acetone, 
ethyl  acetate,  glacial  acetic  acid,  acetic  anhydride,  or  nitrobenzene; 
easily  in  carbon  bisulphide,  benzene,  or  oil  of  turpentine;  moder- 
ately in  carbon  tetrachloride  or  in  cold  water,  easily  soluble  in  the 
latter  at  the  boiling-point;  insoluble  in  cold  petroleum 'ether  or 
benzine,  difficultly  soluble  in  the  same  at  the  boiling-point.  Long 
boiling  of  the  aqueous  solution  tends  to  prevent  the  crystallization 
of  the  substance,  giving  a  milky  solution  which  slowly  deposits  a 
fine  floury  sediment.  It  is  not  readily  extracted  from  its  aqueous 
solution  by  ether.  From  petroleum  solvents,  it  crystallizes  in 
pulpy  masses  of  minute  needles  difficult  to  filter  and  which  pack 
down  upon  the  filter-paper  into  a  sort  of  skin.  Good  crystals  may 
be  obtained  from  water,  and  also  from  mixtures  of  naphtha  and 
chloroform,  naphtha  and  ether,  or  chloroform  and  carbon  tetra- 
chloride. It  can  be  slowly  sublimed  at  ioo°  in  colorless  trans- 
parent needles,  and  is  volatile  with  steam.  Warmed  with  alkaline 
hydrogen  dioxide  solution,  or  heated  in  a  sealed  tube  with  glacial 
acetic  acid  or  acetic  anhydride,  2-methyl-4-ketodihydroquinazoline 
is  produced.  2.5  grams  of  the  acetyl  derivative  and  3  cc.  of 
toluene  were  heated  for  ten  hours  at  274°-282°  without  any  re- 
arrangement of  the  acetyl  derivative  occurring.  Toluene  was 
selected  as  the  solvent  on  account  of  its  inertness  and  because  its 
boiling-point  is  near  that  of  acetic  anhydride  and  acetic  acid,  and 
also  because  the  quinazolines  are  difficultly  soluble  in  it. 

Once  or  twice,  in  the  preparation  of  this  acetylanthranilic  nitrile, 
on  recrystallizing  the  crude  product  from  water,  there  was  ob- 
tained a  small  amount  of  a  substance  crystallizing  in  perfect  little 
cubes,  of  faint  yellowish  cast,  which  melted  sharply  at  91°,  but 
the  amount  obtained  was  insufficient  for  further  investigation. 

(3)  The  Action  of  Propionic  Anhydride  upon  Anthranilic  Ni- 
trile.— Five  grams  of  the  nitrile  were  mixed  with  7  cc.  of  the 
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anhydride.  The  nitrile  dissolved  slowly  in  the  anhydride  with 
absorption  of  considerable  heat;  the  solution  then  gradually 
warmed  up  and  on  cooling. down  again  solidified  in  a  white 
crystalline  cake.  This  mass  was  boiled  gently  for  several  hours 
and  the  product  crystallized  from  dilute  alcohol  after  bone-black- 
ing. Beautiful,  colorless,  glassy  prisms  were  thus  obtained,  melt- 
ing at  119°.  If  heated  quickly,  these  crystals  melt  much  lower 
than  this.  They  liquefy  in  boiling  water.  At  ioo°,  they  slowly 
sublime  in  long  colorless  needles.  They  are  difficultly  soluble  in 
boiling  water,  nearly  insoluble  in  cold ;  readily  soluble  in  alcohol. 
They  dissolve  in  cold  5  per  cent,  aqueous  potassium  hydroxide 
solution,  and  do  not  reprecipitate  when  this  solution  is  made  acid 
with  hydrochloric  acid ;  if  an  excess  of  strong  ammonia  water  be 
then  added,  colorless  needles  of  the  original  substance  are  ob- 
tained. The  compound  is  volatile  with  steam.  A  portion  was 
dried  to  constant  weight  in  vacuo  over  concentrated  sulphuric 
acid.  This  gave  16.89  and  16.44  Per  cent-  nitrogen.  Calculated  for 

/NHCOC.H, 
C,H4^  ,  16.64  per  cent. 

XCN 

Heated  in  a  sealed  tube  with  propionic  anhydride,  or  wanned 
with  alkaline  hydrogen  dioxide  solution,  2-ethyl-4-ketodihydro- 
quinazoline  is  produced. 

(4)  The  Action  of  n-Butyric  Anhydride  upon  AnthranHic  Ni- 
trile,— This  reaction  was  carried  out  in  a  similar  manner  to  the 
last,  using  5  grams  of  the  nitrile  and  8  cc.  of  the  anhydride.  The 
nitrile  dissolves  slowly  with  absorption  of  heat,  but  does  not  warm 
up  or  appear  to  change  on  standing.  The  solution  is  boiled  for 
an  hour,  the  crude  product  crystallized  from  dilute  alcohol  and 
bone-blacked,  giving  colorless  glassy  needles  or  long  flattened 
prisms.  By  repeated  crystallization,  a  sharp  melting-point  of 
89°-89.5°  was  recorded.  These  crystals  are  difficultly  soluble  in 
water,  but  easily  soluble  in  alcohol,  and  volatilize  with  steam. 
With  5  per  cent,  aqueous  potassium  hydroxide  solution,  followed 
by  hydrochloric  acid  and  ammonia,  this  compound  behaves  like 
the  propionyl  derivative. 

Heated  in  a  sealed  tube  with  n-butyric  anhydride,  or  wanned 
with  alkaline  hydrogen  dioxide  solution,  2-«-propyl-4-ketod2iY- 
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droquinazoline  results.  The  substance  is  therefore  the  n-butyryl 
anthranilic  nitrile.  Long  boiling  in  aqueous  or  alcoholic  solution 
tends  to  change  this  butyryl  derivative  to  the  quinazoline. 

(5)  The  Action  of  Isobutyric  Anhydride  upon  Anthranilic  Ni- 
trile.— This  reaction  was  carried  out  in  a  manner  entirely  similar 
to  the  last,  the  crude  product  being  recrystallized  from  dilute 
alcohol  till  the  melting-point  remained  constant  at  iii°-iii.5°. 
The  compound  forms  long,  white,  silky  needles,  which  are  slowly 
soluble  in  cold  carbon  tetrachloride  or  benzene,  but  easily  soluble 
in  the  same  on  boiling;  difficultly  soluble  in  carbon  bisulphide, 
petroleum  ether,  or  gasoline ;  easily  soluble  in  cold  ether  or  alco- 
hol. At  100 °  it  slowly  sublimes  in  colorless  glistening  scales.  It 
is  volatile  with  steam.  A  sample,  dried  to  constant  weight,  gave 
the  following  results  upon  analysis:  Carbon,  70.21,  70.22;  hy- 
drogen, 5.84,  5.83.    Calculated  for 

C*rH.CQ.CH(CH,), 
,  carbon,  70.21  ;  hydrogen,  6.38. 
N 

Heated  in  a  sealed  tube  with  isobutyric  anhydride,  or  warmed 

with  alkaline  hydrogen  dioxide  solution,  the  product  is  2-iso- 

propyl-4-ketodihydroquinazoline. 

(6)  The  Action  of  Isovaleric  Anhydride  upon  Anthranilic  Ni- 
trite.— The  reaction  proceeds  in  the  same  manner  as  noted  for  the 
foregoing,  but  much  greater  difficulty  was  experienced  in  the 
purification  of  the  crude  product,  repeated  crystallization  from 
dilute  alcohol  failing  to  give  any  substance  with  constant  sharp 
melting-point.  By  recrystallizing  from  carbon  tetrachloride, 
however,  beautiful  fine  needles  were  produced,  melting  quite 
sharply  at  io5.s°-io6.5°,  and  which  are  evidently  the  isovaleryl 
anthranilic  nitrile.  They  are  difficultly  soluble  in  water,  readily 
so  in  alcohol.  In  boiling  water,  they  liquefy,  and  are  volatile 
with  steam.  Heated  in  a  sealed  tube  with  i-valeric  anhydride,  or 
warmed  with  alkaline  hydrogen  dioxide  solution,  2-isobutyl-4- 
ketodihydroquinazoline  is  the  product. 

A  portion  of  the  substance,  dried  to  constant  weight,  gave  14.01 
per  cent,  nitrogen.    Calculated  for 

/NH.CO.CH.CH.CCH,), 
CtH4^  ,  13.86  per  cent. 
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The  Preparation  of  2-Alkyl-4-KetodihydroquinasoHnes  by  the 
Action  of  Warm  Alkaline  Hydrogen  Dioxide  Solu- 
tion upon  Acylanthranilic  Nitrites. 

The  compounds  obtained  in  this  manner  were,  in  every  case, 
identical  with  the  corresponding  substances  prepared  from  either 
anthranilic  acid,  its  nitrile,  or  their  acyl  derivatives,  in  sealed 
tubes,  as  already  described. 

(1)  4-Ketodihydroquinazoline. — Some  of  the  crude  formyl- 
anthranilic  nitrile  already  mentioned  was  dissolved  in  10  per  cent 
potassium  hydroxide  solution,  some  hydrogen  dioxide  solu- 
tion (3  per  cent.)  added,  and  the  mixture  wanned  at 
40°-50°  for  an  hour  and  a  half.  The  solution  was 
then  filtered  from  a  small  amount  of  insoluble  matter,  the 
filtrate  neutralized  with  hydrochloric  acid,  excess  of  strong  am- 
monia water  added,  the  solution  evaporated  to  dryness,  the  residue 
dissolved  in  99  per  cent,  alcohol  and  the  solution  concentrated 
On  cooling,  crystals  separated,  which  were  filtered  out,  washed, 
dried  and  sublimed,  giving  beautiful  white  crystals  (m.  p.  215.5°- 
216.50).  Knape1  gives  the  melting-point  of  4-ketodfliydroqmn- 
azoline  as  2ii°-2i2°.  Not  sufficient  of  the  substance  was  avail- 
able for  an  analysis. 

The  picrate  forms  long  yellow  needles  or  plates,  melting  at 
203.5°-204.5°,  softening  somewhat  at  2020. 

(2)  2-Methyl-4-Ketodihydroquinasoline. — 5.6  grams  acetyl- 
anthranilic  nitrile  were  mixed  with  75  cc  hydrogen  dioxide  solu- 
tion and  20  cc  of  a  10  per  cent,  potassium  hydroxide  solution,  and 
the  mixture  warmed  at  30°-45°.  In  about  fifteen  minutes  com- 
plete solution  resulted,  and  fine  white  needles  then  began  to 
separate,  the  separation  being  apparently  complete  after  wanning 
about  fifteen  minutes  longer,  since  further  addition  of  hydrogen 
dioxide  or  of  potassium  hydrojdde  caused  no  increase  in  the  pre- 
cipitate. These  needles  dissolve  instantly  upon  the  addition  of  a 
small  amount  of  strong  potassium  hydroxide  solution,  and  may 
be  reprecipitated  by  carefully  neutralizing  with  hydrochloric  acid, 
but  any  excess  of  acid  redissolves  the  precipitate  again.  From 
this  acid  solution  it  may  be  completely  thrown  down  by  adding  an 
excess  of  strong  ammonia  water.    The  voluminous  white  pre- 
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cipitate  thus  obtained  is  crystallized  from  boiling  water  and  bone- 
blacked,  yielding  beautiful  glassy  prisms  of  the  2-methyl-4-keto- 
dihydroquinazoline  (m.  p.  2390).  From  5.6  grams  of  the 
acetylanthranilic  nitrile  there  was  obtained  3.47  grams  of  the  pure 
quinazoline  compound.  Some  of  the  substance  was  dried  to  con- 
stant weight  at  ioo°-i40°  and  analyzed,  with  the  following  re- 
sults: Carbon,67.36,  67.32 ;  hydrogen^  5.08,  5.02;  nitrogen,  17.28, 
1747.  Calculated :  Carbon,  67.50;  hydrogen,  5.00;  nitrogen,  17.50. 

When  the  acetylanthranilic  nitrile  is  heated  with  hydrogen  di- 
oxide alone,  or  with  alkali  alone,  the  yield  of  quinazoline  is  not 
nearly  so  good. 

The  picrate  from  the  above  crystals  separated  in  clusters  of 
reddish  prisms  (m.  p.  2060). 

(3)  2-Ethyl-4-Ketodihydroquinazoline. — 1.1  grams  propionyl- 
anthranilic  nitrile  were  warmed  with  alkaline  hydrogen  dioxide 
solution  as  just  indicated,  the  temperature  being  kept  at  30°-65°. 
A  clear  solution  was  not  obtained,  but  the  propionyl  derivative 
gradually  changed  to  a  bulky  white  mass  of  pearly  scales  instantly 
soluble  in  a  little  strong  caustic  alkali.  The  alkaline  solution 
was  treated  with  an  excess  of  hydrochloric  acid,  then 
with  an  excess  of  concentrated  ammonia  water.  The 
precipitate  thus  produced  was  recrystallized  from  water,  giving 
fine  white  hairy  needles  of  the  2-ethyl-4-ketodihydroquinazoline. 
The  melting-point  of  these  needles  was  rather  low,  probably  be- 
cause the  propionylanthranilic  nitrile  used  in  the  reaction  was 
itself  not  perfectly  pure  (second-crop  crystals).  Recrystallization 
failed  to  raise  the  melting-point  above  232  °,  while  the  same  com- 
pound prepared  from  anthranilic  acid  melted  at  2340.  The  yield 
of  first-crop  crystals  was  0.836  gram. 

The  picrate  crystallized  in  yellow  scales  (m.  p.  I9i°-i92°). 

(4)  2-n-Propyl-4-Ketodihydroquinazoline. — It  was  prepared 
from  n-butyrylanthranilic  nitrile  and  alkaline  hydrogen  dioxide 
solution  at  30°-8o°,  in  a  similar  manner  to  the  last.  The  crude 
product  was  recrystallized  from  dilute  alcohol,  giving  a  woolly 
mass  of  fine  colorless  needles  (m.  p.  20i°-202°),  of  2-n-propyl-4- 
ketodihydroquinazoline. 

The  picrate  crystallized  in  bunches  of  long  yellow  needles 
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(m.  p.  i84°-i84.5°)  ;  difficultly  soluble  in  cold  water,  moderately 
in  boiling ;  quite  soluble  in  cold  alcohol,  easily  in  boiling. 

(5)  2-Isopropyl-4-Ketodihydroquinasoline. — About  2  grams 
of  the  isobutyrylanthranilic  nitrile,  25  cc.  hydrogen  dioxide  solu- 
tion, and  25  cc.  10  per  cent,  potassium  hydroxide  solution,  were 
warmed  together  at  500,  all  gradually  dissolving.  The  solution 
was  precipitated  by  hydrochloric  acid,  the  precipitate  not  readily 
dissolving  in  an  excess  of  the  precipitant,  and  excess  of  strong 
ammonia  water  was  then  added.  The  bulky  white  precipitate 
which  was  thrown  down,  when  recrystallized  from  dilute  alcohol, 
appeared  as  long,  colorless,  silky  hairs  (m.  p.  233°),  readily  identi- 
led  as  the  2-isopropyl-4-ketodihydroquinazoline. 

The  picrate  crystallized  from  alcohol  in  yellow  prisms  (m.  p. 
2o8°-2o8.5°),  at  which  point  they  turned  brown  and  appeared  to 
decompose.    They  began  to  darken  at  205  °. 

(6)  2-Isobutyl-4-Ketodihydroquinazoline. — This  substance  was 
prepared  from  the  isovalerylanthranilic  nitrile  in  the  manner  just 
outlined.  The  bulky  white  precipitate  thrown  down  by  ammonia 
water  was  recrystallized  from  dilute  alcohol,  giving  crystals  of 
the  quinazoline,  melting  at  I94.5°-I9S.5°. 

The  melting-point  of  the  picrate  was  found  to  be  i88°-i89°. 

In  general,  the  yield  of  quinazoline  obtained  by  the  use  of  warm, 
alkaline  hydrogen  dioxide  solution-  was  much  better  than  that 
resulting  from  heating  the  acylanthranilic  nitriles  in  sealed  tubes 
with  anhydrides. 

Organic  Laboratory,  Havbmbyrr  Haul, 
Columbia  University,  June,  190a. 


THE  ACTION  OP   ISO-VALERIC   ALDEHYDE  UPON  ANT1- 

PYRINE.1 

By  David  C  Bccles. 
Receded  July  14.  i«nl 

The  investigations  of  Knorr2  and  Schuftan*  show  that  anti- 
pyrine  is  capable  of  forming  condensation  products  with  both 
aliphatic  and  aromatic  aldehydes.    Knorr,  by  treating  a  slightly 


1  The  work  here  reported  was  done  In  Havemeyer  Hall,  Columbia  University, 
the  direction  of  Prof.  M.  T.  Bogert. 
J  Attn.  Ckem.  (Liebig),  938, 114. 
•  Ber.  d.  chem.  Ga.%  1, 1181, 1189  (1895). 
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acid,  concentrated  aqueous  solution  of  antipyrine  with  benzalde- 
hyde  and  neutralizing,  procured  benzylidene-di-antipyrine.  Schuf- 
tan,  at  a  later  date,  by  using  formaldehyde  instead  of  benzalde- 
hyde,  produced  the  corresponding  methylene-di-antipyrine.  As 
these  condensations  take  place  readily  and  give  good  yields  of 
product  it  was  concluded  that  1  molecule  of  iso- valeric  aldehyde 
might  also  combine  with  2  molecules  of  antipyrine  to  give 
valeryl-di-antipyrine,  according  to  this  reaction: 

C§H,  CfH8 


CH..N— N— CO  +  C4Hf.CH  +  CO— N— N.CH,  = 

II  II  I  I 

CHi.C===C.H  O    H.C===C.CH, 

Antipyrine     +     iso-valeric  aldehyde  4-  antipyrine  = 

C#H6  C§H8 

CH,.N— N— CO    C4H§    CO— N— N.CH,  +  H,0 

CH,.C==-=C €H— C  =====  C.CHt 

Va}eryl-di-antipyrine  +  water. 

On  trial  this  was  found  to  be  the  case.  The  aldehyde  and  base, 
mixed  in  the  proportion  of  1  molecule  of  iso-valeric  aldehyde  and 
2  molecules  of  antipyrine,  along  with  enough  hydrochloric  acid 
to  give  a  faintly  acid  reaction,  were  heated  in  a  flask  connected 
with  a  return  condenser,  for  six  hours,  at  100 °  C,  and  then 
allowed  to  cool.  The  resulting  oily  liquid  was  poured  into  a 
small  amount  of.  concentrated  potassium  hydroxide  solution,  at 
once  diluted  with  water  and  then  stirred  vigorously.  After 
several  hours'  standing,  an  oily  layer  which  separated  changed 
into  a  white  solid.  This  being  filtered  off  was  washed  with  cold 
water  ?nd  then  thoroughly  dried.  On  crystallizing  it  from 
ligroin  its  melting-point  was  found  to  be  i6o°-i6i°  C.  The  yield 
was  about  40  per  cent,  of  the  amount  calculated  from  the  reaction 
cited. 

The  condensation  here  described  was  repeated  several  times  and 
on  each  occasion  the  resulting  product  was  composed  of  fine, 
white  crystals,  insoluble  in  cold  water,  slightly  soluble  in  hot 
water  and  very  soluble  in  alcohol.  It  was  freely  soluble  in  all 
dilutions  of  alcohol  with  water  up  to  two  of  the  latter  to  one  of 
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the  former.  Hot  naphtha  and  ligroin  readily  dissolved  it  With 
hydrochloric  acid  this  new  derivative  combined  to  form  a  hydro- 
chloride and  with  sulphuric  acid  to  form  a  sulphate.  The  hydro- 
chloride was  prepared  by  covering  the  condensation  product  with 
water  and  adding  concentrated  hydrochloric  acid  by  drops.  The 
solid  slowly  went  into  solution  but,  after  a  few  minutes'  standing, 
separated  again  as  long,  feathery  needles.  These  were  quite 
soluble  in  water  and  still  more  readily  in  the  presence  of  a  slight 
amount  of  hydrochloric  acid.  The  sulphate  was  prepared  in  a 
similar  manner  from  sulphuric  acid  but  it  was  much  less  soluble 
and  therefore  separated  more  readily  and  completely. 

With  ferric  chloride  the  hydrochloride  gave  a  thick,  reddish 
brown  precipitate  which  dried  to  a  brownish  powder.  This  was 
soluble  in  alcohol  and  possessed  a  sharp  astringent  taste  quite 
unlike  the  almost  tasteless  free  valeryl  base.  This  ferric  deriva- 
tive is  analogous  to  ferripyrine — the  ferric  chloride  compound  of 
antipyrine.  With  Mayer's  reagent  both  the  hydrochloride  and 
sulphate  gave  a  white,  curdy  precipitate.  When  valeryl-di-anti- 
pyrine  is  warmed  with  concentrated  sulphuric  acid  and  sugar  it 
gives  a  distinct  odor  like  that  of  valerianic  acid. 

A  determination  of  the  nitrogen  contained  in  valeryl-di-anti- 
pyrine  gave  13  per  cent,  nitrogen.  Calculated  for  CaTHtsOsN4v 
the  nitrogen  would  be  12.3. 


[Contribution  prom  thb  Chbiocal  Laboratory  of  thb  Nebraska 

Wbslsyan  University.] 

ON  THE  REDUCTION  OP  SOflE  AROHATIC  NITRO-COfl- 

POUNDS. 

By  P.  t.  Alwat  and  M.  D.  Welsh. 

R«cehr«d  July  *i. 


In  thb  following  paper  we  give  the  results  thus  far  obtained 
from  a  study  of  the  reduction  of  ^-nitrobenzaldehyde  and  m~ 
nitrobenzaldehyde  in  neutral  solution.  As  this  work  is  for  a  few 
months  necessarily  interrupted  and  as  we  will  be  unable  to  con- 
tinue it  together  we  consider  it  best  to  publish  the  results  already 
at  hand.  The  investigation  was  undertaken  in  the  hope  that  we 
might  be  able  to  isolate  from  the  reduction  products  of  the  nitro- 
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benzaldehydes  the  corresponding  N-formylphenyl  ethers  of  the 
nitrobenzaldoximes,1  of  the  formula, 

NOrCfH4.CH^— ^N.C,H4.CHO. 

As  these  ethers,  when  oxidized,  give  almost  the  theoretical  yield  of 
the  corresponding  nitrosobenzaldeyhdes,8  according  to  the  equa- 
Hon. 

NOt.CfH4.CH^-^N.CfH4.CHO  +  O  =  NOr  CfH4.CHO  + 

ON.CfH4.CHO, 
an  economical  method  of  preparing  them  would  make  the  cor- 
responding nitrosoaldehydes  readily  accessible  compounds.  The 
yield  of  these  ethers  obtained  by  the  electrolytic  reduction  of  the 
nitrobenzaldehydes,  dissolved  in  concentrated  sulphuric  acid,  is 
unsatisfactory,  varying  from  20  to  40  per  cent.  We  failed  to 
obtain  these  ethers  by  reduction  in  neutral  solution.  Various 
hydroxylaminobenzaldehyde  derivatives  were  formed,  all  of 
which  on  oxidation  yielded  the  corresponding  nitroso-compounds. 

In  a  previous  article8  one  of  us  has  described  some  of  the  phe- 
nomena observed  when  a  solution  of  />-nitrobenzaldehyde  in  boil- 
ing water  is  treated  with  zinc  dust. 

By  the  action  of  zinc  dust  upon  aromatic  nitrocompounds  in 
neutral  aqueous  or  alcoholic  solution,  with  or  without  addition  of 
ammonium  salts,  Bamberger4  has  obtained  a  large  number  of 
hydroxylamino-compounds  analogous  to  ^-phenyl  hydroxyl- 
amine,  CfHBNH.OH.  These  are  characterized  by  the  ease  with 
which  they  decompose,  yielding  a  great  variety  of  compounds. 
Wislicenus5  has  obtained  the  same  compounds  by  the  action  of 
amalgamated  aluminum  upon  the  nitrocompounds  in  ethereal  or 
alcoholic  solution.  Zinc  amalgam  with  aluminum  sulphate  solu- 
tion acts  similarly.9  By  the  oxidation  of  the  hydroxylamine  de- 
rivatives the  corresponding  nitroso-compounds  were  obtained. 
The  latter  are  readily  volatile  with  steam  and,  with  the  exception 
of  the  blue-green  34-dimethyl-nitrosobenzeneT  and  the  yellow 

>  Btr.  4.  cktm.  Ga.%  90. 9037  (1896). 

*  Am.  CJUm.J.,  96,  38. 

*  Ltc.cit. 

4  B*r.  4.  chem.  Gt$.t  97, 1548  (1894)* 

•  ibid.,  99,  494  (1896). 

•  Ibid,,  90,  863  (1896). 

'  Ann.  dm.  (UeWg),  316,  2857  (1901). 
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/-nitrosobenzaldehyde,1  are  odorless  in  the  solid  state.  When 
fused  or  in  solution  they  are  green.  Bamberger*  has  recently 
shown  that  i-nitroso-2,6-xylene  and  nitrosomesitylene,  whose  cold 
solutions  are  much  less  intensely  colored  than  the  hot  solutions, 
consist  largely  of  double  molecules  in  the  former  and  of  single 
molecules  in  the  latter.  Evidently  the  green  color  of  the  nitrao- 
compounds  depends  upon  the  presence  of  single  molecules.8  We 
find  that  ^-nitrosobenzaldehyde,  unlike  the  isomeric  meta-exxn- 
pound,  resembles  nitrosomesitylene.  Further,  it  is  volatile  with 
steam  only  when  in  the  monomolecular  condition. 

The  readiness  with  which  aromatic  hydroxylamines  condense 
with  aldehydes,  according  to  the  equation, 

HO  O 

\  /\ 

R.CHO  +  H— N.R  =  R.CH— N.R  +  HfO, 

has  rendered  the  isolation  of  the  hydroxylaminobenzaldehydes 
difficult.  The  above  reaction  takes  place  so  readily  that  to  obtain 
the  condensation  product  it  is  merely  necessary  to  mix  the  alco- 
holic solutions  of  the  compounds  and  allow  the  mixture  to  stand 
at  the  temperature  of  the  room  over  night 

Bamberger  and  Friedmann4  obtained,  by  the  action  of  zinc 
dust  upon  m-nitrobenzaldehyde,  a  substance  of  the  formula 
(CjHjON)^,  which  is  very  insoluble  in  all  ordinary  organic 
solvents  and  which,  when  oxidized  by  ferric  chloride,  yields,  m- 
nitrosobenzaldebyde.  Gattermann,1  by  the  electrolytic  reduction 
of  ^-nitrobenzaldehyde  and  of  m-nitrobenzaldehyde,  dissolved  in 
concentrated  sulphuric  acid,  obtained  the  two  isomeric  N-forznyl- 
phenyl  ethers  of  the  nitrobenzaldoximes.  These  compounds  are 
insoluble  in  ordinary  solvents  but  may  be  recrystallized  from 
pyridine.  Each,  on  oxidation,  yields  together  with  the  nitroso- 
benzaldehyde  a  small  amount  of  what  has  since  been  found  to  be 
the  corresponding  azoxybenzaldehyde.9 

Kirpal,T  using  zinc  dust  as  a  reducing  agent,  tried  to  obtain  the 
N-^-formylphenyl  ether  of  ^-nitrobenzaldoxime.    In  this  he  was 

1  Ber.  d.  ckem.  Ga.,  a*,  3037  (1896). 
«/«*.,  14,  3877(1901). 

*  Ztsckr.  pkyt.  Oum.%  a6t  50. 

4  Ber.  d.  chtm.  Ges.%  aS,  250  (1895). 

•  /hd.,  *o, 3037  (1896). 

•  Am.  Chem.J.%  a$,  34- 

*  Ber.  d.  chtm.  Ga.t  30, 1997  (1897). 
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not  successful  but  obtained  a  yellow  solution  which  on  oxidation 
yielded  />-nitrosobenzaldehyde. 

Later,  Kalle  &  Co.1  patented  a  process  for  the  preparation  of 
aromatic  hydroxylamine  compounds  by  the  treatment  of  nitro- 
compounds with  zinc  dust  and  an  aqueous  solution  of  an  ammo- 
nium salt  in  the  cold.  It  was  stated  that  />-hydroxylamino- 
benzaldehyde,  like  various  other  hydroxylamine  derivatives,  was 
obtained  by  this  method  in  quantitative  yield.  No  details  of  the 
method  and  no  description  of  the  aldehyde  were  given.  By  this 
method  phenylhydroxylamine  may  be  obtained  in  almost  quantita- 
tive yield  but  we  were  unable  to  obtain  a  satisfactory  yield  of  the 
hydroxy  laminpbenzaldehyde. 

Our  knowledge  of  the  hydroxylamino-  and  nitrosobenzalde- 
hydes,  may,  accordingly,  be  summarized  as  follows:  m-nitro- 
benzaldehyde  and  />-nitrobenzaldehyde,  when  subjected  to  electro- 
lytic reduction  in  concentrated  sulphuric  acid  solution,  yield  the 
corresponding  N-formylphenyl  ethers  of  the  nitrobenzaldoximes, 
which,  by  oxidation  with  ferric  chloride,  give  m-nitrosobenzalde- 
hyde  and  ^-nitrosobenzaldehyde.  The  saihe  aldehydes  when  re- 
duced by  zinc  dust  form  substances  of  unknown  nature,  which,  by 
oxidation,  yield  nitrosobenzaldehydes  identical  with  those  men- 
tioned above. 

While  we  obtained  various  condensation  products  of  the  hy- 
droxylaminobenzaldehydes  neither  of  the  above-mentioned  in- 
soluble ethers  was  detected  among  the  reduction  products.  The 
insoluble  compound  obtained  by  Bamberger  and  Friedmann,* 
from  m-nitrobenzaldehyde  evidently  has  the  formula, 

<N— C#H4— CHV 
CH-C,H4— N' 
and  is  not  identical  with  the  insoluble  secondary  product  of 
electrolytic  reduction  as  has  been  suggested.3    ^-Nitrobenzalde- 
hyde  forms  a  similar  compound  together  with  one  or  more  in- 
soluble condensation  products  of  />-hydroxylaminobenzaldehyde. 

EXPERIMENTAL. 

Kirpal4  boiled  200  cc.  of  water  with  4  grams  ^-nitrobenzalde- 

1D.R.P, 899,781 :  Chem.  Centrbl.,  I,  351  (1897). 
»  Loe.cii. 

•  &er.  d,  chem.  Ga.,  39, 3937  (1896). 

*  Loc.cU. 
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hyde  and  20  grams  zinc  dust  for  three  minutes.  A  yellow  solu- 
tion was  obtained,  from  which,  by  oxidation  with  ferric  chloride 
solution,  />-nitrosobenzaldehyde  was  obtained  and  from  which, 
by  the  action  of  the  air,  ^-azoxybenzaldehyde  was  formed.  Hf 
was  unable  to  isolate  the  hydroxylaminobenzaldehyde.  Our 
repetition  of  Kirpal's  work  confirmed  his  results.  The  residue  of 
zinc  dust  was  colored  .slightly  yellow.  Attempts  to  extract  this 
yellow  substance  with  boiling  water  yielded  £ -azoxybenzaldehyde 
and  a  compound  crystallizing  in  red  needles  and  melting  at  222° 
which  has  not  been  further  investigated.  By  using  benzene, 
instead  of  water,  only  />-azoxybenzaldehyde  was  obtained. 

That  these  are  decomposition  products  of  the  substance  that 
colors  the  zinc  dust  yellow  is  evident  from  the  fact  that  when 
covered  with  a  great  excess  of  ferric  chloride  solution  and  sub- 
jected to  distillation  with  steam,  ^-nitrosobenzaldehyde  was  ob- 
tained. Neither  of  the  two  substances  mentioned,  when  treated 
in  the  same  manner,  gave  a  nitroso-compound.  That  the  nitroso- 
compound,  in  this  case,  does  not  result  from  the  oxidation  of  the 
simple  hydroxylaminobenzaldehyde  may  be  seen  from  the  follow- 
ing. The  residue  was  treated  with  boiling  alcohol  and  filtered. 
The  filtrate  was  yellow  in  color.  With  ferric  chloride  it  gave  a 
very  small  quantity  of  ^-nitrosobenzaldehyde,  and  when  shaken 
with  sodium  hydroxide  solution  in  contact  with  the  air,  p- 
azoxybenzaldehyde  was  formed.  Using  the  same  amount  of  alco- 
hol in  each  case  the  extraction  was  repeated  four  times.  Each  of 
the  solutions  (except  the  last),  so  obtained,  had  the  same  color 
and  crave  the  same  oxidation  products.  The  last  was  almost 
colorless  and  the  zinc  dust  showed  no  trace  of  yellow.  No  p- 
nitrobehzaldehyde  could  be  obtained  from  the  oxidation  products 
by  recrystallizing  them  from  glacial  acetic  acid. 

By  using  ammonium  chloride  the  reduction  product  was  ob- 
tained free  from  unchanged  zinc.  The  latter,  when  present, 
seriously  interferes  with  the  investigation  of  the  insoluble  reduc- 
tion product.  A  mixture  of  10  grams  ^-nitrobenzaldehyde,  10  cc. 
alcohol,  30  cc.  water  and  10  cc.  2N  ammonium  chloride  solution 
was  warmed  to  70  °.  Ten  grams  of  zinc  dust  were  added  and  the 
mixture  violently  agitated  three  to  four  minutes,  keeping  die 
temperature  at  700.    The  mixture  became  green,  then  yellow. 
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The  whole  was  at  once  filtered  under  suction.  The  filtrate  was 
light  red  in  color  and  the  residue  yellow.  The  latter  was  ex- 
tracted with  100  cc.  boiling  alcohol.  The  filtrate  from  this  re- 
sembled the  first  except  that  the  color  was  of  a  lighter  shade.  By 
the  addition  of  water  to  these  two  filtrates  we  obtained  a  yellow 
crystalline  substance,  soluble  in  alcohol,  ether,  benzene  and  hot 
water.  Aqueous  alkalies  imparted  a  deep  red  coloration  to  its 
aqueous  and  alcoholic  solutions,  from  which  the  color  slowly 
faded,  />-azoxybenzaldehyde  separating  out.  With  ferric  chloride 
solution  it  gave  ^-nitrosobenzaldehyde.  It  was  unstable  when 
exposed  to  the  air  in  moist  condition,  various  red  and  yellow  com- 
pounds being  formed.  On  account  of  the  ease  with  which  it 
underwent  decomposition  we  failed  to  obtain  it  in  pure  condition 
from  the  limited  amount  of  />-nitrobenzaldehyde  that  we  had  at 
our  disposal.  A  nitrogen  determination  was  made  of  a  specimen 
obtained  by  recrystallizing  the  crude  substance  from  absolute  alco- 
hol and  drying  the  crystals  at  once.  It  melted  at  980  to  1010. 
Calculated  for  HO.NH.CeH4.CHO,  N  =  10.2.  Found,  10.1. 
.  It  was  evidently  ^-hydroxylaminobenzaldehyde, 

<NH.OH 
CHO 

The  yellow  residue  of  zinc  oxide  remaining  after  the  treatment 
with  alcohol  was  extracted  six  times  with  boiling  alcohol,  using 
100  cc.  each  time.  All  the  filtrates  so  obtained,  acted  alike.  All 
were  yellow  in  color,  gave  no  precipitate  with  water,  gave  p- 
nitrosobenzaldehyde  with  ferric  chloride  and  />-azoxybenzaldehyde 
with  aqueous  alkalies.  No  ^-nitrobenzaldehyde  was  obtained  by 
the  oxidation.  The  residue  was  still  yellow  in  color.  It  was 
extracted  twice  with  boiling  benzene  and  the  cooled  filtrates 
treated  with  ligroin.  The  first  gave  a  yellow  precipitate,  the 
second  was  colored  yellow  but  gave  no  precipitate  and  on  com- 
plete evaporation  left  only  a  trace  of  yellow  solid.  The  residue 
of  zinc  dust  was  colored  brown.  If  .was  extracted  twice  with  boil- 
ing alcohol  without  any  sign  of  the  extraction  being  complete. 
Both  of  these  filtrates  were  similar  to  the  other  alcoholic  filtrates 
in  color  and  reactions.  The  yellow  compound  precipitated  from 
benzene  by  ligroin  melted  at  205  °  to  206 °  and  was  very  sparingly 
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soluble  in  boiling  alcohol,  forming  a  yellow  solution  which  gave 
the  characteristic  red  coloration  with  aqueous  alkalies,  and  yielded 
l-nitrosobenzaldehyde  but  no  l-nitrobenzaldehyde  when  oxidized 
by  ferric  chloride.  This  compound,  which  was  also  obtained  in 
small  quantity  by  the  action  of  amalgamated  aluminum  upon  p- 
nitrobenzaldehyde  in  ethereal  solution,  has  not  been  further  in- 
vestigated. The  brown  residue  on  oxidation  yielded  f-nitroso- 
benzaldehyde.  ,  It  gave  no  />-nitrobenzaldehyde  when  covered 
with  dilute  sulphuric  acid  and  treated  with  steam.  The  substance 
causing  the  brown  color  did  not  dissolve  in  boiling  pyridine.  It 
is  evident  from  the  above  that  there  was,  at  most,  no  appreciable 
amount  of  the  N-/>-formylphenyl  ether  of  ^-nitrobenzaldoxime 
among  the  reduction  products.  The  yellow  and  brown  substances 
were  condensation  products  of  ^-hydroxylaminobenzaldehyde,  the 
former  being  probably 

CH.CfH4— N' 

which,  when  warmed  with  aqueous  alcohol,  changes  partly  into 
the  simple  hydroxylaminobenzaldehyde,  according  to  the  equation 

C14H10OtN,  +  2H,0  =  2C7H702N. 

If  the  mixture  of  />-nitrobenzaldehyde,  alcohol,  water  and  am- 
monium chloride  solution  be  kept  at  160  to  180  and  the  zinc  dost 
added  in  small  portions  in  the  course  of  two  hours,  frequently 
shaking  the  mixture,  the  same  compounds  are  obtained  but  the 
amount  of  the  condensation  products  is  less.  If  the  mixture  of 
all  the  compounds  be  made  in  the  cold  and  left  to  itself  the  tem- 
perature rises  until  the  liquid  boils  violently.  The  reaction 
product  is  brown  in  color  and  reacts  in  the  same  manner  as  the 
insoluble  condensation  product  already  described. 

By  the  action  of  amalgamated  aluminum  upon  the  ethereal 
solution  of  p-nitrobenzaldehyde,  similar  condensation  products 
were  obtained. 

m-Nitrobenzaldehyde,  when  treated  in  the  same  manner,  yielded 
a  brownish  yellow  solution  from  which  fn-nitrosobenzaldehyde 
and  m-azoxybenzaldehyde  were  obtained  by  methods  analogous  to 
those  used  in  the  case  of  the  para-compounds.  Mixed  with  the 
zinc  oxide  and  unchanged  zinc  was  the  gray  substance,  insoluble 
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in  solvents,  which  Bamberger  and  Friedmann  have  found  to  have 
the  formula  (CyHoON)^.  Analogous  to  the  para-compound  it 
gave  a  yellow  solution  when  boiled  with  aqueous  alcohol.  The 
alcoholic  solutions,  so  obtained,  yielded  small  amounts  of  m- 
nitrosobenzaldehyde  and  tn-azoxybenzaldehyde.  The  insoluble 
substance  is  probably  the  inner  anhydride  of  m-hydroxylamino- 
benzaldehyde, 


/  ^  — CH— N— 

\/ 
O 

— N— CH— 

\/ 

O 

^-Nitrosobenzaldehyde. — When  this  compound  is  prepared  by 
the  oxidation  of  the  N-^-formylphenyl  ether  of  ^-nitrobenzaldox- 
ime  the  yield  varies  from  10  to  15  per  cent,  of  the  weight  of  p- 
nhrobenzaldehyde  -reduced.  It  is  much  more  readily  obtained  as 
follows:  The  red  colored  solution,  described  above,  containing 
^-hydroxylaminobenzaldehyde  is  at  once  treated  with  an  excess  of 
10  per  cent,  ferric  chloride  solution  and  allowed  to  stand  for  a  few 
hours.  The  yellow  />-nitrosobenzaldehyde  gradually  separates 
out.  Steam  is  passed  through  the  mixture,  the  nitroso  compound 
being  carried  over.  The  yield  varies  from  15  to  20  per  cent,  of  the 
weight  of  the  nitrobenzaldehyde  used.  The  yield  may  be  in- 
creased by  oxidizing  the  insoluble  condensation  products. 

The  liquid  that  collects  in  the  receiver,  when  this  compound  is 
separated  from  the  ferric  chloride  by  distillation  with  steam,  is 
deep  green  in  color.  On  cooling,  the  color  gradually  disappears, 
the  yellow  nitroso-compound  separating  out.  If  this  is  filtered 
out  and  dried  at  a  low  temperature  it  sometimes  shows  a  distinctly 
green  tint.  The  filtrate,  if  the  mixture  has  been  allowed  to  stand 
long  enough,  is  colorless.  By  recrystallizing  the  nitrosobenzalde- 
hyde,  from  glacial  acetic  acid,  yellow  needles  are  obtained.  When 
these  are  dried  and  boiled  with  water  they  do  not  dissolve,  the 
liquid  remaining  colorless.  If  a  current  of  steam  be  passed 
through  the  boiling  mixture  of  water  and  />-nitrosobenzaldehyde, 
the  same  result  is  not  always  observed.  Sometimes  no  nitroso- 
compound  is  carried  over  with  the  steam,  while  at  other  times  it 
passes  over  very  slowly,  collecting  in  the  receiver  as  a  green  solu- 
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tion  from  which,  on  cooling,  very  little  nitrosobenzaldehyde  sepa- 
rates. In  one  experiment  in  which  the  distillate  was  colorless 
after  steam  had  been  passed  through  the  mixture  for  some  time, 
finely  divided  calcium  chloride  was  added  in  small  portions,  a 
burner  being  kept  under  the  distilling  flask.  When  the  tempera- 
ture in  the  latter  had  thus  been  raised  to  1300  the  ^-nitroso- 
benzaldehyde floated  unchanged  on  the  surface  of  the  liquid.  The 
a'ddition  of  the  next  portion  of  calcium  chloride,  which  raised  the 
temperature  to  1400,  caused  the  nitroso-compound  to  pass  over 
very  rapidly.  Very  impure  specimens  of  the  nitrosoaldehyde 
were  purified  by  adding  them  to  this  calcium  chloride  solution 
which  was  kept  at  the  boiling-point  while  steam  was  passed  through. 
When  the  mixture  of  water  and  ^-nitrosobenzaldehyde  collecting 
in  the  receiver  in  the  preparation  of  the  latter  is  divided  into  two 
portions  and  the  one  immediately  subjected  to  the  action  of  a 
current  of  steam  while  the  other  is  allowed  to  stand  ten  or  twelve 
hours  before  undergoing  similar  treatment,  a  marked  difference  is 
to  be  noticed.  In  the  case  of  the  first  the  nitrosobenzaldehyde 
passes  over  rapidly  but  in  the  second  very  slowly.  It  dissolves  in 
hot  solvents,  as  acetic  acid,  alcohol  and  acetone  with  a  deep  green 
color.  As  these  cool,  the  color  slowly  changes  to  yellow  with  or 
without  separation  of  crystals.  While  the  green  color  usually 
disappears  within  a  few  hours  it  sometimes  remains  for  several 
days.  As  ^-nitrosobenzaldehyde  melts  at  1370  it  would  neces- 
sarily pass  into  the  green  or  monomolecular  condition  when 
brought  into  contact  with  the  calcium  chloride  solution  boiling  at 
1400. 

tn-Nitrosobenzaldehyde,  unlike  the  isomeric  para-compound,  is 
colorless  in  the  solid  state,  distils  readily  with  steam  and  dissolves 
in  cold  solvents  with  a  deep  green  color. 

Umivbuitt  Placb.  Nkb.> 
June  ao.  190a. 
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ON  THE  NITRATION  OP  BENZYL  CHLORIDE. 

BY  PRKDKMCK  J.  A1.WAY. 
R«ee!v*d  July  «•  190*. 

While  the  three  nitrobenzyl  chlorides  are  well-known  com- 
pounds and  the  action  of  fuming  nitric  acid  upon  benzyl  chloride 
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has  been  described  by  different  investigators,  no  definite  informa- 
tion has  been  furnished  as  to  the  yield  of  />-nitrobenzyl  chloride 
obtained  at  different  temperatures.  There  is,  also,  little  agree- 
ment as  to  the  nature  of  the  oily  by-product. 

Beilstein  and  Geitner1  were  the  first  to  obtain  ^-nitrobenzyl 
chloride  from  benzyl  chloride.  Grimaux*  repeated  their  work. 
Strakosch*  improved  the  method  by  keeping  the  temperature 
at  — 1 50  during  the  operation.  The  later  investigators,  Abelli,4 
Nolting0  and  Klumpf,*  followed  the  method  of  Strakosch. 
As  attempts  made  in  this  laboratory  to  verify  the  state- 
ment of  Strakosch,  that  very  little  except  ^-nitrobenzyl 
chloride  is  obtained  at  the  above-mentioned  temperature 
and  that  the  oily  by-product  consists  essentially  of  un- 
changed benzyl  chloride,  were  unsuccessful,  various  nitration 
methods  were  tried  in  order  to  determine  the  conditions  under 
which  the  maximum  yield  of  ^-nitrobenzyl  chloride  is  obtained. 
It  was  found  that  the  yield  of  ^-nitrobenzyl  chloride  under  the 
most  favorable  conditions,  was  50  per  cent,  of  the  theoretical  and 
that  the  oily  by-product  obtained  by  the  different  methods  consists 
of  nitrobenzyl  chlorides,  in  some  cases  mixed  with  dinitrobenzyl 
chloride.  If  a  mixture  of  slightly  more  than  the  theoretical 
amount  of  fuming  nitric  acid  with  concentrated  sulphuric  acid  be 
added  to  cooled  benzyl  chloride  a  very  low  temperature  is  not  re- 
quired to  ensure  the  maximum  yield.  If  a  considerable  excess 
of  fuming  nitric  acid  be  used,  dinitrobenzyl  chloride  is  formed. 
Ordinary  concentrated  nitric  acid  may  be  used  instead  of  the 
fuming  acid,  the  yield  of  ^-nitrobenzyl  chloride,  however,  being 
less. 

EXPERIMENTAL. 

The  crude  nitration  product  obtained  in  each  of  the  cases  de- 
scribed below,  was  added  to  a  mixture  of  ice  and  water.  The 
more  or  less  pasty  solid,  so  obtained,  was  transferred  to  a 
Buchner  funnel  and  subjected  to  powerful  filtration  until  oily 
drops  ceased  to  pass  through.    The  residue,  when  recrystallized 

•  Ann.  Cktm.  (LieMff),  ij?,  337  (1866). 
»  /W*.  143,  46  (1868). 

•  Btr.  d.  ckem.  Get,,  6, 1059  (1873). 

«  /Mf.,  16, 1331 ;  Gomm.  ckim.  Hal,  13,  97  (1883). 

•  Bsr.  m\  ckem.  GtfM  17, 385  (1884). 

•  Ann.  Ckgm.  (Uebig).  934, 96  (1884). 
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from  alcohol,  gave  pure  />-nitrobenzyl  chloride.  By  treating  the 
mother-liquor  with  water  a  further  yield  was  obtained.  In  esti- 
mating the  yield  of  solid  and  liquid  nitration  products,  the  residue, 
without  further  treatment,  was  weighed,  while  the  liquid  was 
washed  with  water,  separated  and  dried  before  weighing. 

Three  hundred  grams  of  fuming  nitric  acid  (sp.  gr.  1.5)  were 
placed  in  a  flask  surrounded  by  a  mixture  of  ice  and  salt.  Benzyl 
chloride  was  added  drop  by  drop.  As  each  drop  came  in  contact 
with  the  acid  a  reddish  brown  coloration  was  produced.  At  first 
this  coloration  quickly  disappeared  but  as  the  addition  of  benzyl 
chloride  proceeded  the  color  disappeared  more  and  more  slowly 
until,  after  120  grams  of  benzyl  chloride  had  been  added,  it  re- 
mained. During  the  operation  the  temperature  was  kept  at  — 150 
to  — 130.  Yield  of  solid,  85  grams ;  of  liquid,  85  grams.  Time  re- 
quired, two  hours  and  thirty  minutes.  The  yield  of  the  two 
products  was  the  same  when  the  temperature  was  kept  at  — 25°, 
as  well  as  when  fuming  nitric  acid  was  added  to  benzyl  chloride 
kept  at  — 1 50.  At  200  to  300  the  yield  of  the  solid  was  only  half 
so  great  and  of  liquid  half  as  great  again. 

The  following  was  found  to  be  the  most  satisfactory  method  of 
obtaining  ^-nitrobenzyl  chloride.  A  mixture  of  90  grams  fuming 
nitric  acid  and  180  grams  concentrated  sulphuric  add  was  added 
to  120  grams  benzyl  chloride,  kept  at  — 50  to  — io°.  After  about 
half  the  acid  mixture  had  been  added,  white  crystals  began  to 
separate.  At  the  end  of  the  operation  the  contents  of  the  flask 
were  almost  solid.  Yield  of  solid,  85  grams ;  of  liquid,  87  grams. 
Time  required  one  hour  and  ten  minutes  At  temperatures  above 
o°  the  yield  was  less. 

To  determine  the  action  of  a  considerable  excess  of  fuming 
nitric  acid,  40  grams  of  benzyl  chloride  were  added  to  a  mixture 
of  fuming  nitric  acid  (80  grams)  and  concentrated  sulphuric  acid 
(180  grams).  The  temperature  was  kept  below  40 °.  After  be- 
ing allowed  to  stand  two  hours  the  mixture  was  poured  into  ice 
water.  An  oily  liquid  separated.  This  passed  through  the  filter, 
leaving  no  residue.  It  was  washed  well  with  water,  dried  with 
calcium  chloride,  filtered  and  analyzed.  It  consisted  essentially  of 
one  or  more  dinitrobenzyl  chlorides. 

The  specific  gravity  and  the  nitrogen  content  were  determined 
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in  the  case  of  each  of  the  oily  liquids  obtained  by  the  above 
methods. 

Calculated  for        Calculated  for  Pound. 

NOs.C«H4.CH*Cl.  (NOs)«CeHs.CHsCl.  I.  II.  III. 

Nitrogen 8.2  12.9  8.7        8.6        12.1 

Specific  gravity  at  27° 1.333    1.332      1.476 

From  the  above  it  is  evident  that  not  only  is  the  yield  of 
/>-nitrobenzyl  chloride  practically  the  same  but  that  the  by- 
products are  also  the  same,  whichever  of  the  two  methods  of  pre- 
paring ^-nitrobenzyl  chloride  is  employed.  The  further  investi- 
gation of  the  dinitrobenzyl  chloride  was  not  proceeded  with  as 
Cohn  and  Friedlander1  have  recently  obtained  o-^-dinitrobenzyl 
chloride  by  an  analogous  method  and  have  announced  their  inten- 
tion of  soon  publishing  the  details  of  their  work. 

Umvxasmr  Placb,  Neb., 
June  16,  190a. 


[Contribution  prom  the  Chemical  Laboratory  op  the  University 
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CONDENSATION  OP  CHLORAL  WITH  THE  NITRANILINES. 

By  Alvin  s.  Whrblb*  and  H.  R.  Wbller. 

Received  July  aft,  190*. 

Chloral  forms  condensation  products  readily  with  aromatic 
amines  according  to  the  equation 

CC1.CHO  +  2RNH2  =  CC18CH(NHR)2  +  HfO. 

O.  Wallach*  effected  the  condensation  of  chloral  with  aniline,  the 
product  being  trichlorethylidenediphenylamine, 

CC1,CH(NHC6H6)V 

In  1898  Eibner3  and  Baskerville,  working  independently,  carried 
out  the  condensation  of  chloral  with  />-nitraniline.  Baskerville's 
results  are  incorporated  in  the  present  paper.  Our  investigation 
shows  that  similar  products  are  obtained  with  ortho-  and  meta- 
nitraniline.  The  melting-points  of  the  condensation  products 
form  an  ascending  series  as  in  the  nitranilines.  The  chloral  used 
was  prepared  by  distilling  chloral  hydrate  with  concentrated  sul- 
phuric acid  and  the  nitranilines  were  recrystallized  until  pure. 
Trichlorethylidenedi-o-nitrophenamine, 

1  Ber.  d.  ckem.  Geu,  33,  1*66  (1902). 
•  Ann.  Ckem.  (Liebig),  173,  278. 
*/H&,  jft»,  366. 
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CCl3CH(NHNOtCeH4)t.  — Five  grams  of  o-nitraniline  were  sus- 
pended in  75  cc.  of  benzene  and  5  grams  of  chloral  were  added. 
Two  and  one-half  grams  of  chloral  are  required  by  theory.  The 
crystalline  nitraniline  was  quickly  converted  into  a  flocculent  pre- 
cipitate which  melted  at  1620.  The  benzene  solution  was  evapo- 
rated down  to  a  gummy  mass  on  the  water-bath,  the  residue  was 
taken  up  with  boiling  alcohol  and,  upon  cooling,  a  beautiful  yellow 
crystalline  precipitate  settled  out.  The  two  precipitates  were  re- 
crystallized  from  hot  alcohol  until  the  melting-point  was  raised  to 
171°.  A  determination  of  chlorine  gave  26.10  per  cent.  Calcu- 
lated for  C14HU04N4C18,  26.22  per  cent. 

Trichlorethylidenedi-0-nitrophenamine  crystallizes  from  hot 
alcohol  in  yellow  transparent  rectangular  plates  and  melts  at  171  °. 
It  is  insoluble  in  ether  and  ligroin  but  soluble  in  acetone,  chloro- 
form and  benzene.  It  may  be  purified  by  dissolving  in  glacial 
acetic  acid  and  precipitating  with  water.  It  is  not  decomposed 
by  water  and  is  insoluble  in  hot  hydrochloric  acid.  The  yield  was 
about  45  per  cent,  of  the  theory. 

Trichlorethylidenedi-m-nitrophenamine, 
CCl,CH(NHNO,C6H4),.— Five  grams  of  w-nitraniline  were 
suspended  in  125  cc.  benzene  and  5  grams  of  chloral  were  added. 
The  needle  crystals  of  tn-nitraniline  were  quickly  converted  into 
a  flocculent  precipitate,  at  first  yellowish  white  but  soon  assuming 
a  rich  flesh  color  which  was  permanent.  The  crude  substance 
decomposed  at  2080.  On  digestion  with  acetone  the  impurities 
were  dissolved  out  and  the  melting-point  was  raised  to  2120.  A 
determination  of  chlorine  gave  26.18  per  cent.  Theory  requires 
26.22  per  cent. 

Trichlorethylidenedi-m-nitrophenamine  crystallizes  from  alco- 
hol in  rectangular  plates  of  a  rich  flesh  color.  It  melts  at  212°. 
It  is  readily  soluble  in  alcohol  and  insoluble  in  ether,  ligroin  and 
benzene.  It  is  decomposed  by  hot  water  and  by  hydrochloric 
acid,  chloral  and  m-nitraniline  being  re-formed.  The  yield  of  the 
condensation  product  is  about  30  per  cent  of  the  theory. 

The  reaction  seems  to  run  a  different  course  if  the  materials  are 
boiled  for  some  time  under  a  reflux  condenser.  Under  these  cir- 
cumstances a  body  is  obtained  which,  upon  recrystalling  once 
from  alcohol,  melts  at  890.    A  single  analysis  for  chlorine  showed 
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twe  presence  of  32.3  per  cent.    This  substance  will  be  examined 
further. 

Trichlorethylidenedi-p-nitrophenamine, 
CCl,CH(NHNOtCeH4)t. — Ten  grams  of  />-nitraniline  were  sus- 
pended in  100  cc.  benzene,  and  15  grams  of  chloral  were  added 
slowly.  A  heavy  yellow  precipitate  formed  immediately.  After 
heating  for  some  time  on  the  water-bath  to  complete  the  reaction, 
the  precipitate  was  filtered  off  and  dried.  The  melting-point  of 
the  crude  substance  was  2100.  It  is  extremely  insoluble  and  by 
removing  the  impurities  with  small  amounts  of  cold  acetone  the 
melting-point  was  raised  to  2160.  A  determination  of  the  chlo- 
rine gave  26.35  per  cent-    Calculated,  26.22  per  cent. 

Trichlorethylidenedi-/>-nitrophenamine  is  a  yellow  powder  of 
very  great  insolubility.  It  is  insoluble  in  water,  alcohol,  ether, 
ligroin  and  benzene.  It  is  somewhat  soluble  in  acetone  and 
readily  soluble  in  boiling  nitrobenzene.  The  yield  was  14.51 
grams  or  nearly  54  per  cent,  of  the  theory.  It  is  slowly  decom- 
posed by  hot  hydrochloric  acid.  Its  conversion  by  acetic  anhy- 
dride into  />-nitroacetanilide  and  by  benzoyl  chloride  into  benzoyl 
/>-nitroanilide,  asdescribed  by  Eibner,  was  carried  out. 

Reduction  of  the  Nitroamines. — We  have  tried  to  reduce  these 
nitroamines  with  various  reducing  agents  but  so  far  without  suc- 
cess. If  the  nitro-group  could  be  reduced,  the  resulting  amine 
might  again  react  with  chloral,  forming  a  complex  ring  body. 
Interesting  results  were  obtained  when  the  nitroamines  were 
boiled  with  ammonium  sulphide  in  alcoholic  solution.  In  each 
case  a  volatile  substance  condensed  on  the  walls  of  the  reflux  air 
condenser  in  white  crystals.  In  the  case  of  the  para-compound, 
these  crystals  melted  at  1200  and  were  insoluble  in  water  and  alco- 
hoi,  but  dissolved  readily  in  carbon  disulphide.  This  group  of 
bodies  will  be  studied  further  in  this  laboratory. 

In  naming  these  compounds  Eibner  places  the  "di"  after  the 
"nitro"  but  it  seems  preferable  to  us  to  place  it  before  the  "p". 

Constitution. — In  the  reaction  between  chloral  and  the  nitrani- 
lines  it  might  be  possible  for  tne  oxygen  to  combine  with  hydro- 
gen in  the  ring,  leaving  the  amino  groups  untouched.  But  these 
substances  do  not  possess  any  basic  properties ;  hence  they  are  to 
be  represented  as  follows: 
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2,5-Dimethylbenzyl-2,5-dimethylbenzal  Hydrasone, 

CH,  CH, 


^CH.NH.N  : 


CH 


^ 


V 


I 


CH,  CH, 

To  an  alcoholic  solution  of  2,5-dimethylbenzaldazine,  prepared 
according  to  Curtius  and  Jay,1  was  added  more  than  the  calculated 

1  J.  prukt.  Cham.,  Sf, 43. 
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amount  of  a  4  per  cent,  sodium  amalgam  sufficient  to  reduce  the 
aldazine  to  its  corresponding  hydrazone.  This  was  heated  in  a 
flask  connected  with  a  reflux  condenser  for  from  three  to  four 
hours  upon  a  water-bath.  The  solution,  nearly  colorless,  was 
th?n  filtered  and  the  filtrate  left  in  a  freezing-mixture  of  salt,  ice 
and  water  until  the  hydrazone  crystallized  out.  The  hydrazone 
was  then  filtered  off,  Washed  with  water  and  recrystallized  from 
alcohol.  It  melted  at  74°-78°  (uncorr).  The  reaction  takes 
place  according  to  the  following  equation : 

(CHi)tCiH8CH  :  N.N  :  CH.CfH,(CHs)t  +  H,  = 

(CH,),CiHfCH1.NH.N  :  CH.CiHI(CHt)t. 

The  analysis  gave:  C,  81.03;  H,  8.21.'  Calculated:  C,  81.2; 
H,  8.04. 

2,5-Dimethylbenzyl-2,5-dimethylbenzal  hydrazone  is  soluble  in 
ether,  chloroform,  benzene,  carbon  bisulphide,  toluene,  ethyl  alco- 
hol, methyl  and  amyl  alcohols.  It  is  insoluble  in  water.  The 
hydrazone  is  very  unstable  and  begins  to  decompose  at  once  when 
exposed  to  the  air. 

Acetyl  2)5-dimethylbensyl-2J5-dimethylbenzal  Hydrazone, 

(CHl),CfH,CH,N(C1HB0)N  :  CHCtH,(CH1)1. 
To  a  concentrated  alcoholic  solution  of  the  hydrazone  was  added 
a  slight  excess  of  acetic  anhydride  and  the  solution  evaporated 
slowly  to  dryness  upon  a  water-bath.  The  residue  was  re- 
crystallized  from  alcohol.  It  gave  long,  white,  satin-like  needles 
which  melted  at  1370. 

The  analysis  gave  9. 11  per  cent.  N.     Calculated,  9.09  per  cent. 

The  acetyl  derivative  is  soluble  in  benzene,  toluene,  ether, 
chloroform,  carbon  disulphide,  acetic  acid  and  in  hot  ethyl, 
methyl,  and  amyl  alcohols.    It  is  insoluble  in  water. 

Benzoyl  2,5-dimethylbenzyl-2,5-dimethylbenzal  Hydrazone, 

(CHl)AH,OH,N(CtH6CO)N  :  CHC.H.CCH,),. 
A  slight  excess  of  benzoyl  chloride  was. added  to  a  concentrated 
alcoholic  solution  of  the  hydrazone  and  the  solution  evaporated  to 
dryness  upon  a  water-bath.    The  residue  was  recrystallized  from 
alcohol.    Long  satin-like  crystals  formed  which  melted  at  1340- 

I34.50. 

The  analysis  gave  7.60  per  cent.  N.     Calculated,  7.57  per  cent. 

The  benzoyl  derivative  is  soluble  in  benzene,  toluene,  ether, 
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chloroform,   carbon   disulphide,   acetic  acid   and   in   hot   ethrl, 
methyl,  and  amyl  alcohols.     It  is  insoluble  in  water. 

Nitroso  and  picric  acid  derivatives  are  at  present  being  pre- 
pared. 


PREPARATION  OF  3,4,6-TRI/lETHYLBENZALDAZINE  ;  OF 

a94.6-TRIMETHYLBENZYLo,496-TRIMETHYLBENZAL 

HYDRAZONE  AND  SOME  OF  ITS  DERIVATIVES. 

By  Bvrrhart  Pbrcv  Harding. 

Received  August  zi,  1900. 

2,4,6-Trimethylbenzaldasine, 

I 


CH^  ^CH:N.N:CH^ 

I 
CH$ 

2,4,6-Trimethylbenzaldazine  was  prepared  by  adding  to  a  weak 
alcoholic  solution  of  24,6-trimethylbenzaldehyde,  which  was  pre- 
pared according  to  Gattermann,1  a  solution  of  hydrazine  sulphate 
containing  the  calculated  amount  of  sulphate  to  produce  the  cor- 
responding aldazine.  The  mixed  solutions  were  warmed  to  6o°, 
violently  shaken  for  thirty  minutes  and  allowed  to  stand  for  two 
hours.  The  yellow  substance  that  separated  formed  sphemlitic 
masses  which  recrystallized  from  acetic  acid  in  beautiful  light 
yellow  prisms  which  melted  at  1670. 

(CHJAI^CHjO^ 

(CHj£H~CH  :  N.N  :  CH.C.H^CH,),. 

These  gave  9.59  per  cent.  N.    Calculated,  9.56  per  cent. 

2,4,6-Trimethylbenzaldazine  is  very  soluble  in  chloroform.  It 
is  soluble  in  cold  ether,  benzene,  toluene,  acetone  and  in  hot  acetic 
acid,  ethyl,  methyl  and  amyl  alcohols.  It  is  insoluble  in  water. 
Like  all  known  aldazines  it  is  a  very  stable  compound. 

2,4,6-Trimethylbenzyl-2,4J6-trimethylbenzal  Hydrasone, 

(CHI)8C,H1CHfNHN  :  CHC€H,(CH,)3. 
More  than  the  calculated  amount  cf  a  4  per  cent,  scdium  amalgam 

*  W.  Graf :  Inaug.  Diss.,  Heidelberg,  1899. 
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to  reduce  the  aldazine  to  its  corresponding  hydrazone  was  added 
to  an  alcoholic  solution  of  2,4,6-trimethylbenzaldazine.  This 
was  heated  at  the  temperature  of  boiling  alcohol  in  a  flask  con- 
nected with  a  reflux  condenser  for  from  four  to  five  hours  upon  a 
water-bath.  The  almost  colorless  solution  was  then  filtered  and 
the  filtrate  placed  in  ice  water.  The  hydrazone  crystallized  at 
once.  It  was  filtered  off,  washed  well  with  water  and  recrystal- 
lized  from  alcohol.     It  melted  at  88°-89°  (uncorr.). 

The  analysis  gave  9.40  per  cent.  N.     Calculated,  9.53  per  cent. 

2,4,6-Trimethylbenzyl-24,6-trimethylbenzal  hydrazone  is  very 
soluble  in  ether  and  benzene,  less  soluble  in  acetic  acid,  ethyl  and 
methyl  alcohols  and  insoluble  in  water.  It  is  very  unstable,  de- 
composing at  once  when  exposed  to  the  air  and  after  a  short  time 
in  an  exhausted  desiccator. 

Acetyl  2,4,6-Dimethylbenjiyl-2,4,6-triinethylbensal  Hydrazone, 

(CH,),C,H1CH1N(C,HfO)N  :  CHC.H/CH,),. 
To  a  concentrated  alcoholic  solution  of  the  hydrazone  was  added 
acetic  anhydride  in  excess  and  the  solution  evaporated  slowly  to 
dryness  upon  a  water-bath.  The  residue  was  recrystallized  from 
alcohol.  Long,  satin-like,  white  needles  were  formed  which 
melted  at  155  °. 

The  analysis  gave  8.42  per  cent.  N.     Calculated,  8.34  per  cent. 

Acetyl  24,6-trimethylbenzyl-2,4,6>trimethylbenzal  hydrazone  is 
very  soluble  in  chloroform,  ether,  benzene,  toluene,  acetic  acid  and 
acetone.  It  is  less  soluble  in  ethyl,  methyl  and  amyl  alcohols  and 
insoluble  in  water.     It  is  a  very  stable  compound. 

Benzoyl  2,4,6-Trimethynengyl-2,4,6~trimethyIben2al  Hydrazone, 
(CH,)ICaH,CHtN(C7H50)N  :  CHCfH,(CH,),. 
A  slight  excess  of  benzoyl  chloride  was  added  to  a  concentrated 
alcoholic  solution  of  the  hydrazone  and  the  solution  evaporated  to 
dryness  upon  a  water-bath.  The  residue  was  taken  up  and  re- 
crystallized  from  alcohol.  Long,  satin-like  needles  were  formed 
which  melted  at  I42.5°-I43°. 

The  analysis  gave  7.03  per  cent.  N.    Calculated,  7.23  per.  cent. 

The  benzoyl  derivative  is  very  soluble  in  chloroform,  ether, 
toluene,  acetone,  benzene  and  acetic  acid.  It  is  less  soluble  in 
ethyl,  methyl,  and  amyl  alcohols,  and  is  insoluble  in  water.  It  is 
a  very  stable  compound. 
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Nitroso  2,4,6-Trimethylbenzyl-2,4,6-trvmethylbensal  Hydrazcne, 

(CH8)sCfH,CH,N(NO)N  :  CHCiH,(CHt)t. 
To  a  strong  alcoholic  solution  of  2,4,6-trimethylbenzyl-2,4,6-tri- 
methylbenzal  hydrazone,  cooled  by  ice  water,  was  added  a  few 
drops  of  concentrated  hydrochloric  acid.  To  this  cold  solution, 
which  was  shaken  after  each  addition,  was  added  gradually  a  con- 
centrated solution  of  sodium  nitrite.  Long,  satin-like  needles 
separated  at  once  and  increased  in  number  upon  the  addition  of 
water.  The  successful  carrying-out  of  this  experiment  requires 
the  use  of  freshly  prepared  hydrazone. 

The  nitroso  derivative  was  filtered  off,  washed  well  with  water 
to  remove  the  excess  of  sodium  nitrite,  and  recrystallized  from 
alcohol.    The  long,  yellow,  satin-like  crystals  melted  at  1170. 

The  analysis  gave  13.09  per  cent.  N.  Calculated,  13.00  per  cent. 

The  nitroso  derivative  is  very  soluble  in  chloroform,  ether, 
benzene,  and  toluene.  It  is  less  soluble  in  acetone  and*  glacial 
acetic  acid.  It  is  soluble  in  warm  ethyl,  methyl,  and  amyl  alco- 
hols, and  insoluble  in  water.    It  is  a  stable  compound. 
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ARSENIC  PBNTACHLORIDE. 

By  Cha&lbs  Baskbkvxllb  ajid  H.  H.  Bbkmbtt. 

Received  June  13, 190*. 

The  non-existence  of  arsenic  pentachloride  has  for  a  long  time 
been  regarded  as  remarkable,  especially  so  when  the  analogues  of 
that  element  having  atomic  weights  below  and  above  it,  phosphorus 
and  antimony,  show  pentavalence  toward  the  halogens. 

Hurtzig  and  Geuther1  endeavored  to  prepare  it  by  treating 
arsenious  acid  with  phosphorus  pentachloride.  Mayerhofer* 
passed  chlorine  into  arsenic  trichloride  at  — io°  C,  removing  the 
excess  of  chlorine  by  a  stream  of  carbon  dioxide,  and  failed  to 
obtain  the  body.  Janovsky*  treated  phosphorus  pentachloride 
with  arsenic  trihydride  at  o°  C.  with  negative  results.    Dumas* 

1  Ann.  Chem.  Pkarm.y  in,  171. 
'  Ibid.,  158,  326. 

*  B*r.  d.  chem.  Ges.,  8, 1636  (1875). 

*  Ann.  CJum.  (UeMg\  jj,  337. 
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thought  he  had  arsenic  pentachloride,  but  Capitaine1  proved  it  to 
be  a  mixture  of  As4Oe  and  AsCl8:  Weber  having  prepared 
SbCl-PCl5,  Cronander2  sought  its  analogue  AsCl5PCl5,  but  only 
obtained  AsCl0PCl5.  Marignac8  obtained  AsF„  as  a  double 
fluoride  of  potassium.  Sloane4  prepared  Asl5  and  endeavored  to 
secure  the  pentachloride  by  saturating  arsenic  trichloride  with 
chlorine  at  — 23  °  C.  at  ordinary  pressure  and  obtained  the  ratio 
As :  CI : :  1 : 4.447.  There  was  a  gradual  decrease  in  the  ratio  up  to 
24 °  C.  when  it  became  1 :4.o8,  then  there  was  an  abrupt  change 
rapidly  approaching  1 13.  Such  observations  made  the  existence 
of  As2Cl8  quite  conceivable. 

Baeyer's  penfahalogen  compounds  of  arsenic  in  which  one  to 
four  chlorine  atoms  have  been  replaced  by  alkyl  radicals  and 
Michaelis'8  work  with  phenyl  residues  are  well  known.  Recently 
the  pentavalent  organic  arsenic  compounds  have  become  much 
augmented  by  the  extensive  work  of  Michaelis.6 

The  procedure  of  Sloane7  offered  encouragement,  provided  the 
reaction  should  be  carried  out  at  a  lower  temperature.  Chem- 
ically pure  arsenic  trichloride  was  prepared  and  redistilled  from 
concentrated  sulphuric  acid  and  its  purity  determined  by  analysis. 
About  5  cc.  of  the  liquid  were  placed  in  a  dry  test-tube  buried  in 
solid  carbon  dioxide  loosely  packed  in  a  Dewar  bulb  and  dry 
chlorine  led  in.  The  crystalline  trichloride  (m.  p.  — 180  C.) 
assumed  a  greenish  yellow  color  and  became  liquid,  which  grew 
in  bulk.  Besson8  showed  that  arsenic  trichloride  saturated  with 
chlorine  at  zero  does  not  solidify  af  — 300  C.  Davy  also  showed 
that  it  does  not  freeze  at  — 290  C.  when  well  saturated  with  chlo- 
rine. After  a  few  minutes,  the  time  varying  with  different  ex- 
periments, the  stream  of  gas  was  cut  off  and  the  excess  of  liquid 
chlorine  removed  by  fractional  distillation.  Chlorine  boils  at 
— 33.60  C.  We  verified  this  by  completely  boiling  away  several 
-cubic  centimeters  of  chlorine  at  — 330  C.  in  other  experiments. 
As  a  safeguard  we  allowed  the  temperature  to  rise  to  — 31  °  C. 

1  Jour.  Pharm.,  ag,  524. 

•  Ber.  d.  ctum.  Ges.t  3,  1466  (1873). 
'Ann.  Chem.  (I«icbiff),  145,249. 

•  Chem.  News,  46,  194  (18S1). 

•  Ber.  d.  chem.  Ges.%  8,  1316  and  9,  1566. 

•  Ann.  Chem.  (Uebig),  3ao,  271  (1902). 
"  Loc.  eit. 

•  ComM.  rend.,  109, 940. 
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The  liquid  was  cooled  again  to  — 35  °  C.  and  samples  were  re- 
moved as  the  temperature  rose  by  means  of  a  smkll  pipette  chilled 
to  the  temperature  of  the  refrigerating  agent  These  samples  in 
one  experiment  were  placed  directly  in  water;  in  another  it  was 
deemed  better  to  place  them  in  a  dilute  sodium  hydroxide  solution. 
In  the  former  case  immediate  solution  occurred  with  those  portions 
removed  at  temperatures  below  — 25°  C,  while  at  those  higher  a 
white  precipitate,  evidently  of  arsenious  oxide,  formed,  increasing 
in  amount  with  elevation  of  temperature.  The  orthoarsenic  acid 
was  determined  as  magnesium  pyroarsenate  and  chlorine  as  silver 
chloride.  The  filtrate  from  the  magnesium  ammonium  arsenate 
in  the  former  was  tested  for  the  presence  of  arsenious  compounds. 
None  were  found  up  to  — 25 °  C,  when  arsenious  acid  was  found 
in  traces  increasing  in  amount  with  rise  of  temperature.  The 
ratio  between  arsenic  as  arsenic  acid,  and  chlorine,  was  1:5  or 
AsCl3.  At  — 250  C.  the  ratio  rose  to  1:6.  The  loss  of  chlorine 
and  consequent  return  to  the  trivalent  condition  became  more  and 
more  marked,  the  higher  the  temperature. 

The  following  analytical  results  were  obtained  for  two  tempera- 
tures in  one  experiment: 

Temperature.  Amount         Chlorine  found.  Ratio  obtained. 

6C.  taken.  Per  cent.         Theoretical.  As :  CI. 

—55  0.1796  69.93  70.26  i:4.» 

—25  0.26675  73.2*  ••••  i:5-78 

Arsenic  pentachloride  is  readily  soluble  in  carbon  disulphide 
and  absolute  ether  cooled  to  — 300  C.  From  the  latter,  when 
chilled  several  degrees,  it  crystallizes  in  yellow  prisms.  It  loses 
chlorine  when  heated  above  — 280  C.  On  exposure  to  the  air  it 
fumes,  evolving  hydrochloric  acid  vapor  and  as  the  temperature 
rises  forms  crystals,  most  likely  of  the  trichloride,  which  melt 
soon  to  the  liquid  state.  A  special  preparation  was  made  and 
sealed  in  a  tube.  The  greenish-yellow  liquid  when  cooled  to 
-*-38°  or  — 400  C.  (we  had  no  thermometer  for  determining 
this  accurately)  formed  beautiful  yellow  crystals. 

It  is  not  regarded  necessary. to  give  our  several  unsuccessful 
preliminary  experiments  to  secure  the  body  for  analysis.  Suffice 
it  to  say  that  placing  the  body  in  a  pipette  or  weighing-bottle  at 
the  temperature  of  the  air  brought  about  its  immediate  decompo- 
sition to  the  original  trichloride,  chlorine  being  evolved. 

UmVBBMTY  OF  NOKTR  CAROLINA, 

April  15, 1909. 


[Contribution  from  the  John  Harrison  Laboratory  of  Chemistry, 

No.  66.] 
OBSERVATIONS  ON  THE  ELECTROLYTIC  PRECIPITATION 

OP  ZINC  AND  OP  COPPER. 

Bv  Bdoak  P.  Smith. 
Received  July  j,  190a. 

The  suggestions  made  for  the  electrolytic  determination  of  zinc 
are  numerous.  During  the  last  few  months  the  writer  has  had 
occasion  to  have  some  of  them  tried  with  the  view  of  fixing  the 
ffiost  advantageous  working  conditions,  and  in  the  course  of 
this  inquiry  has  noted  what  appears  to  him  to  be  a  matter  of  some 
analytical  interest,  viz.,  that  by  employing  as  electrolyte*  a  zinc 
salt  solution  containing  an  alkaline  acetate  very  satisfactory  re- 
sults are  obtainable  in  a  comparatively  brief  period.  It  was 
Riche  who  first  proposed  this  electrolyte;  but  it  has  not  met  with 
general  use,  perhaps  because  the  proper  working  conditions  were 
lacking.  These  are  given  in  this  communication.  They  have 
been  repeatedly  employed  by  different  persons  in  this  laboratory 
and  have  proved  to  be  trustworthy.  It  was  thought  advisable,  in 
the  determinations  made,  to  use  as  cathodes  platinum  dishes,  upon 
the  inner  surface  of  which  there  was  deposited  a  silver  coating 
instead  of  one  of  copper. 

Working  Conditions. 

Potassium  zinc  sulphate % •  o.:ooa  gr.  Zn. 

Sodium  acetate i  gram. 

Acetic  acid  (99  per  cent. ) • 0.3  cc. 

Total  dilution 150  cc. 

Cathode  surface 100  sq.  cm. 

N.D.lf9 0.36-0.70  ampere. 

Voltage 4-5. 

Temperature 650  C. 

Time 2  hours. 

A  flat  platinum  spiral  was  used  as  anode.  The  solution  was 
treated  to  the  required  temperature  before  the  current  was  passed 
through  it.  At  the  beginning  the  pressure  equaled  four  volts. 
This  was  maintained  for  an  hour  when  it  was  increased  to  five 
volts,  with  the  corresponding  rise  in  amperage.  On  exposing  a 
clean  silver  surface,  if  there  was  no  further  deposition  of  zinc  and 
the  liquid  showed  an  acid  reaction,  a  few  drops  of  ammonia  water 
Tvere  added  to  the  point  of  neutralization  and  the  action  of  the 
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current  continued  for  about  fifty  minutes  longer,  after  which  a 
portion  of  the  liquid  was  tested  for  zinc  by  the  ferrocyanide 
method. 

It  will  usually  be  noticed  after  an  hour's  action  that  the  solution 
seems  to  be  filled  with  bubbles.  This  is  the  proper  time  to  intro- 
duce the  ammonia  water  for  neutralization.  When  the  metal  has 
been  fully  precipitated  the  liquid  should  be  siphoned  off,  and  the 
zinc  deposit  be  washM  with  water,  alcohol  and  ether.  It  may 
then  be  dried  and  weighed.  By  this  procedure  these  results  were 
obtained : 


Zinc  potassium 

sulphate. 

Grams. 

Zinc  found. 
Gram. 

Zinc  required. 
Gram. 

1.3598 

O.TOoS 

0.2002 

i.35&> 

0.1997 

0.2000 

1.2621 

O.1806 

O.1862 

I.2742 

O.1879 

O.1883 

The  deposits  of  metal  were  all  very  adherent,  free  from 
sponginess  and  light  gray  in  color. 

Very  often  questions  are  asked  regarding  the  availability  of 
electrolytic  methods  in  determining  the  quantities  of  metals  in 
technical  products.  The  idea  seems  to  exist  that  these  methods 
may  be  satisfactory  enough  and  yield  good  results  so  long  as  pure 
salts  or  mixtures  of  the  same  are  used,  but  that  equal  success  will 
probably  not  be  reached  if  natural  products  are  used.  Perhaps  it 
would  be  well  to  try  all  proposed  methods  in  this  particular.  The 
writer  has  no  doubt  in  his  own  mind  as  to  the  outcome.  It  will 
be  wholly  satisfactory.  Believing  this  he  had  several  samples  of 
zinc  blende  decomposed  rapidly  with  acid,  the  solutions  evapo- 
rated to  dryness,  the  residues  taken  up  in  water  and  a  drop  or  two 
of  sulphuric  acid,  when  the  liquids  were  filtered  and  mixed  with 
sodium  acetate  and  a  little  free  acetic  acid,  after  which  they  were 
electrolyzed  with  conditions  like  those  previously  recorded.  The 
results  were  as  follows: 


Zinc  blende. 

Zinc  found. 

Zinc. 

Gram. 

Gram. 

Percent. 

0.2523 

O.168 1 

66.62 

0.2497 

O.1662 

66.56 

These  values  agree  closely  with  those  obtained  by  the  ordinary 
gravimetric  methods,  but  it  need  scarcely  be  mentioned  that  the 
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time-factor  is  very  greatly  reduced,  so  that  this  procedure  will 
recommend  itself.  The  point  might  be  raised  that  blendes  fre- 
quently contain  iron;  will  it  not  contaminate  the  zinc?  Such 
was  not  observed  to  be  the  case  in  any  of  the  many  determinations 
conducted  in  this  way.  Probably,  if  the  quantity  of  iron  present 
should  be  large  there  might  serious  doubt  arise,  but  in  all  instances 
of  that  kind  as  the  acetate  solution  is  heated  before  the  current  is 
allowed  to  act,  the  basic  iron  acetate  would  appear,  could  be 
filtered  out,  and  the  solution  then  be  treated  as  previously  directed. 
The  method  surely  deserves  a  thorough  trial  at  the  hands  of 
analysts. 

In  this  connection  it  may  not  be  out  of  place  to  call  attention  to 
copper  determinations  in  chalcopyrite  made  in  the  electrolytic 
way.  This  again  is  a  natural  product  and  with  those  who  have 
felt  uncertain  how  the  copper  determination  by  means  of  the 
current  would  result,  it  has  been  customary,  after  decomposition 
of  the  mineral,  to  precipitate  the  copper  as  sulphide,  then  dissolve 
it  in  nitric  acid  or  in  potassium  cyanide  and  electrolyze.  This  is 
not  necessary.  After  the  mineral  is  decomposed,  paying  no  atten- 
tion to  the  sulphur,  evaporate  to  dryness,  take  up  the  residue  with 
a  little  sulphuric  acid  and  water,  and  then  proceed  with  the  elec- 
trolysis, using  such  conditions  as  these : 

Total  dilution 150  cc. 

Concentrated  sulphuric  acid 10  cc. 

Temperature 6o°-7o°. 

N.D.ltt 0.8-1.0  ampere. 

Volts 2-3. 

Time  . .  % 1  hour,  50  minutes. 

Results. 

Chalcopyrite.  Copper  found.  Copper. 

Gram.  Gram.  Per  cent. 

O.2900  O.0963  33.20 

O.2900  O.0969  33.41 

O.5800  O.1932  33.3I 

O.5800  O.1936  33.37 

O.5800  O.1936  33.37 

The  liquid  siphoned  off  from  the  deposit  of  copper  may  be 
nearly  neutralized  with  ammonia  water  and,  after  the  introduction 
of  ammonium  oxalate,  be  electrolyzed  at  a  temperature  of  400- 
650,  with  a  current  of  N.D100  =  0.5-1.0  ampere  and  2-3.5  volts. 
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Results. 

Chalcopyrite.  Iron.  Iron. 

Gram.  Gram.  Per  cent. 

O.5800  O.1746  30.IO 

O.5800  0.1750  30.17 

The  question  has  been  asked  whether  it  is  not  possible,  in  a  case 
like  that  of  chalcopyrite,  to  render  the  original  solution  of  the 
mineral  ammoniacal  and,  not  regarding  the  precipitated  ferric 
hydrate,  proceed  with  the  electrolytic  deposition  of  the  copper. 
Many  have  felt  that  there  was  danger  of  iron  entering  into  the 
deposit  of  copper,  while  others  have  declared  that  such  a  condi- 
tion was  not  to  be  feared.  During  the  past  winter  numerous 
tests  of  this  question  have  been  made  in  this  laboratory,  working 
with  chalcopyrite.  It  has  been  found  that  if  platinum  dishes  be 
employed  as  cathodes  to  receive  the  copper,  the  latter  has  invari- 
ably been  contaminated  with  iron,  but  that  if  platinum  cylinders, 
clipping  into  the  ammoniacal  solution  contained  in  beaker-glasses, 
were  used  for  cathodes  the  copper  deposited  upon  them  was  free 
from  iron. 

The  writer  has  had  the  assistance  of  Messrs.  J.  H.  Graham  and 
F.  E.  Walker  in  the  experimental  part  of  this  study  and  would 
here  acknowledge  his  indebtedness  to  them. 

University  of  Pkxn»ylvania. 


THE  USE  OF   POTASSIUM-FERRIC  CHLORIDE  FOR  THE 
SOLUTION  OF  STEEL  IN  MAKING  THE  DETER- 
niNATION  OF  CARBON. 

By  Geo.  Wm.  Sabgrkt. 

Received  loir  97,  teoa.  # 

The  reaction  considered  to  take  place  when  steel  or  iron  drill- 
ings dissolve  in  potassium-cupric  chloride  is  expressed  thus : 

Fe  +  CuCl,  =  FeCl,  -h  Cu  and  Cu  +  CuCl,  =  Cu,Cl,. 
This  result  expressed  without  indicator  £  the  intermediate  reaction 
is  written  as  follows: 

Fe  +  2CuCl,  =  FeCl,  4-  Cu,Cl. 
The  solution  takes  place  more  quickly  and  without  any  loss  of 
carbon  if  hydrochloric  acid  (sp.  gr.  1.2)  is  present  in  the  ratio  of 
1  cc.  to  13  cc.  of  the  double  chloride  solution.    The  above  equa- 
tions do  not  contain  the  potassium  chloride  since  the  part  enacted 
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by  it  is  not  clearly  understood ;  without  it  the  drillings  dissolve 
very  much  more  slowly. 

If  instead  of  the  copper  salt,  potassium- ferric  chloride  be  used 
with  just  sufficient  free  hydrochloric  acid  present  to  prevent  the 
separation  of  any  basic  iron  salt,  the  drillings  will  be  found  to  go 
into  solution  just  as  quickly  and  with  no  loss  of  carbon.  The 
iron  salt  has  the  formula  FeCl3,2KCl,H20  and  may  be  prepared 
by  adding  to  a  ferric  chloride  solution  the  requisite  amount  of 
potassium  chloride  and  crystallizing  out  the  double  salt. 

The  chemically  pure  ferric  chloride  of  commerce  has  the  follow- 
ing composition: 

Per  cent. 

Ferric  chloride 51-55 

Hydrochloric  acid 0.65 

Water.. 4880 

If  then  to  267  grams  of  this  commercial  ferric  chloride,  130.7 
grams  of  potassium  chloride  are  added  and  the  whole,  when  dis- 
solved in  water,  made  up  to  1  liter  in  volume,  the  resulting  solu- 
tion will  be  equivalent  to  the  potassium-cupric  chloride  solution  as 
usually  prepared,  except  that  it  will  contain  free  hydrochloric  acid 
in  the  ratio  of  but  1  cc.  to  225  cc.  This  amount  is  sufficient  to 
prevent  the  formation  of  any  basic  salt  and  if  this  amount  be 
much  exceeded  the  acid  will  attack  the  drillings,  giving  off  hydro- 
gen and  hydrocarbons.  The  reaction  that  takes  place  using  the 
iron  salt  is  analogous  to  that  when  the  copper  salt  is  used,  leaving 
out  of  course  the  interrrjediate  reactfon,  and  is  indicated  by  this 
equation : 

Fe  -f  2FeCl,  =  3FeClr 
If  the  solution  is  found  to  attack  the  drillings  with  evolution  of 
hydrogen,  the  free  hydrochloric  acid  must  be  neutralized  until 
sufficient  is  left  to  just  prevent  the  formation  of  basic  salts  of 
iron.  The  liquid  should  be  a  beautiful  amber  color  when  the  con- 
ditions are  perfect.  As  the  driHings  dissolve,  the  color  becomes 
darker  and  of  a  greenish  cast  yet  transparent  so  that  when  the 
solution  of  the  drillings  is  complete,  can  more  readily  be  ascer- 
tained than  is  the  case  when  the  copper  salt  is  the  solvent.  The 
filtrate  from  the  carbon  is  quite  transparent,  consequently  whether 
the  filtering  medium  has  been  a  perfect  one  or  not  is  quickly  seen 
without  the  dilution  of  the  filtrate  as  is  required  when  potassium- 
cupric  chloride  is  the  decomposing  agent. 
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This  filtrate  before  it  is  contaminated  with  any  wash-water, 
may  be  chlorinated  and  used  again  for  the  solution  of  a  second  lot 
of  drillings.  In  this  way,  by  chlorinating,1  the  filtrate  from  the 
carbon  is  made  to  decompose  the  next  sample  of  drillings.  When 
sufficient  iron  chloride  has  accumulated,  add  more  potassium 
chloride  and  water  to  make  the  solution  of  the  original  strength. 
To  illustrate,  200  cc.  of  the  solution  of  FeCi^KCl  containing 
about  50  grams  of  iron  per  liter  are  used  in  the  decomposition  of 
each  factor  weight,  2.7272  grams,  of  drillings.  The  liter  will 
then  contain  besides  the  original  amount  13.636  grams  of  iron. 
By  chlorinating,  four  lots  of  13.636  grams  each  or  54+  grams  of 
iron  may  be  dissolved  in  this  liter.  If  130.7  grams  of  potassium 
chloride  be  now  added,  the  liter  may  be  made  two  liters  in  volume. 
This  operation  of  chlorinating,  adding  potassium  chloride  and 
diluting,  may  be  carried  on  ad  infinitem.  It  is,  however,  necessary 
at  some  point,  determined  by  the  amount  of  work  done  in  the 
laboratory,  to  throw  out  a  part  of  the  accumulated  solution. 

In  this  way  the  waste  product  is  utilized  to  assist  in  the  next 
:arbon  determination  and  the  expense  materially  reduced. 

A  table  of  results  obtained  by  using  both  salts  for  the  decompo- 
sition of  the  steels  is  appended. 

Dissolved  in  CuClt.aKCL  Dissolved  in  FeCWsKCt 
Sample.  Per  cent,  carbon.  Per  cent,  cartoon. 

Standard  0.97  per  cent 0.972  0.970 

"        o.97       u        •••• 0.978  0.975 

"        o.97       "        o.974  0.971 

"        0.97       "        0.970  0.974 

"        0.97       M        0.970  .... 


.... 


0.97                   «*                      0.968 

No.  5616 » . . .  0.677  0.676 

No.  5561 0.789  0.798 

No.  5566 0.806  0.803 

N0.5557 0.780  0.782 

No.  4367  (a  tungsten  steel) 2.060  2.017 

Standard  1. 15  per  cent 1.150  1.155 

"        1.15       "        1.150  1.149 

1. 15       "        1. 150  1.146 

1. 15*      "        x.  153  x.153 

"        x.15      "        1. 145  1.143 

1.15       "        1. 146 

i  This  Journal,  jj,  no. 


1.15        " 

«i         •  »--       11 
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It  will  be  noticed  that  rather  high  carbon  steels  only  have  been 
dealt  with  and  no  irons.  It  is  well  known  that  mild  steels  and 
irons  are  more  readily  attacked  by  acid  than  high  carbon  steels.  I 
have  stated  that  the  amount  of  free  acid  should  not  exceed  4.5  cc. 
per  liter.  This  is  a  trifle  more  than  sufficient  to  prevent  any  pre- 
cipitation of  basic  iron  salts,  yet  this  solution,  if  allowed  to  stand 
upon  a  very  mild  steel  or  iron,  will  react  with  slight  evolution  of 
hydrogen.  However  if  a  very  mild  steel  or  iron  be  dissolved  in 
this  solution,  the  results  vary  from  those  obtained  Vvhen  the 
copper  salt  is  the  decomposing  agent  by  amounts  not  exceeding 
the  experimental  error. 

Dissolved  in  CuCl*,aKCl.    Dissolved  in  FeCU.aKCl. 
Sample.  Per  cent,  carbon.  Per  cent,  carbon. 

No.  23043 0.383  0.388 

No.  23943 0.375  0.383 

r>— «■  •«*«  /  combined  carbon  \  .    ., 

Carfiron  \  =  o.i26percent.r'--  *°34  3060 

This  would  seem  to  indicate  that  the  very  dilute  acid  reacted 
upon  the  ferrite  and  not  upon  the  cementite  and  that  the  carbon 
released  from  the  Fe,C  by  the  FeCl3  was  not  readily  taken  up  by 
the  hydrogen  produced  from  the  acid  acting  upon  the  ferrite. 
That  cementite  resists  the  action  of  acid  is  well  known  and  is 
shown  by  the  difficulty  experienced  in  dissolving  high  carbon  steel, 
also  by  the  action  of  very  dilute  acid  upon  a  polished  specimen  of 
a  low  carbon  steel. 

The  action  of  light  upon  chlorine  water  is  to  produce  hydro- 
chloric acid  and  oxygen.  Ferric  chloride  is  also  affected  by  the 
action  of  the  light ;  hence  it  may  be  well  to  call  attention  to  the 
fact  that  the  chlorinated  solution  increases  in  acid  content,  par- 
ticularly if  it  stands  any  length  of  time  in  the  sunlight. 

All  the  results  obtaned  in  investigating  the  iron  salt  as  a  solvent 
have  not  been  given,  but  sufficient  to  show  that  it  can  be  used. 
The  advantages  derived  from  using  it,  especially  where  many 
determinations  are  made  daily,  will  be  apparent.  The  ease  with 
which  the  point  when  all  the  drillings  have  gone  into  solution,  is 
ascertained,  the  ready  examination  of  the  filtrate  for  any  carbon 
that  may  have  escaped  the  filter,  and  the  economy  recommend  it. 

X^asoaatoby  or  thb  Cakpbhtbr  St  hex  Co., 
Rkadiho.  Pa. 


AN  AUTOriATIC  CIAS-GENERATOR. 

By  Hum  H.  Dissah. 

In  the  course  of  some  experimental  work  recently  begun  the 
writer  was  confronted  with  the  want  of  an  automatic  gas-gener- 
ator which  would  yield  at  least  a  moderately  steady  supply  of  hy- 
drogen sulphide  without  the  necessity  of  frequent  manipulation. 
As  is  well  known,  the  Kipp  and  other  forms  of  gas-generators  in 
common  use  have  the  defect  of  using  over  and  over  the  spent  arid 


and  salt  solution  which,  because  of  its  greater  density,  always  settle) 
to  the  bottom  of  the  apparatus.  In  order  to  use  thewholeof  theackl 
it  is  consequently  necessary  to  agitate  the  liquid  from  time  to  time. 
To  the  writer's  knowledge  there  is  but  one  form  of  automatic 
generator  on  the  American  market  in  which  this  necessity  is  obvi- 
ated, and  that  is  somewhat  complicated. 

With  a  somewhat  limited  supply  of  apparatus  at  hand,  the  fol- 
lowing arrangement  was  devised  which  proved  so  satisfactory  and 
practicable,  and  withal  bo  simple  of  construction,  that  it  seemed 
worth  while  to  publish  a  description  of  it.  In  this  description  the 
dimensions  are  omitted,  as  it  will  readily  be  seen  that  the  sizes  of 
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the  different  parts  will  depend  largely  upon  the  gas  to  be  prepared 
and  the  quantities  in  demand.  The  accompanying  sketch  will 
serve  to  show  the  general  proportions  of  the  apparatus  in  use  in 
this  laboratory.  . 

A  two-necked  Woulff  bottle,  tubulated  at  the  bottom,  was  used 
as  an  acid  tank.  The  iron  sulphide  was  contained  in  a  glass  tube, 
closed  at  its  upper  end  with  a  one-hole  rubber  stopper  fitted  with 
a  glass  stop-cock,  and  at  its  lower  end  with  a  two-hole  rubber 
stopper  containing  inlet  and  outlet  tubes.  The  inlet  tube  termi- 
nates in  a  valve,  A,  opening  upward  just  above  the  stopper,  and  is 
connected  by  rubber  tubing  to  a  glass  tube  passing  through  one 
neck  of  the  acid  bottle  and  terminating  somewhat  below  the 
shoulder  cff  the  bottle.  The  outlet  tube  is  open,  and  is  connected 
by  rubber  tubing  with  another  valve-tube,  B,  opening  into  the  acid 
bottle  through  the  tubulature  at  the  bottom.  The  rubber  tubes 
and  the  Woulff  bottle  being  filled  with  dilute  acid  and  the  latter 
being  placed  at  a  suitable  height  above  the  generator,  on  opening 
the  stop-cock,  the  acid  enters  the  generator  and  the  flow  of  gas 
commences  at  once.  On  closing  the  cock,  the  back  pressure  forces 
the  acid  from  the  generator  back  to  the  bottom  of  the  acid  bottle, 
and  subsequent  reopening  allows  the  ingress  of  fresh  acid  into  the 
generator.  The  second  neck  of  the  Woulff  bottle  was  in  this  case 
connected  with  a  trap  for  the  absorption  of  any  excess  of  hydro- 
gen sulphide  from  the  spent  acid,  and  consisted  merely  of  two 
bottles  connected  by  glass  tubing  and  containing  a  strong  solution 
of  potassium  hydroxide.  This  would,  of  course,  be  unnecessary 
in  many  cases. 

Separate  sketches  show  the  construction  of  the  two  valves, 
which  will  offer  no  difficulties  to  any  one  with  slight  skill  in  glass 
tube-working.  The  valves  are  simply  glass  rods  of  suitable  size, 
drawn  out  and  ground  into  their  seats  with  turpentine,  camphor 
and  emery,  before  being  cut  frorfi  the  long  rod.  Holes  are  drilled 
in  the  inlet  valve-tube  A  by  the  use  of  the  camphor  mixture  and  a 
drill  made  from  a  round  file.  To  guard  against  any  possibility  of 
the  valve  in  B  being  carried  upward  by  the  current  of  liquid  and 
consequently  stopping  the  upper  opening  of  the  valve-tube,  its  top 
is  pinched  flat  while  still  soft  in  the  flame.  Devices  for  washing 
and  drying  the  gas  are  omitted  from  the  drawing,  as  they  would 
obviously  vary  with  the  gas  and  the  use  to  which  it  was  to  be  put. 


Buffalo  Ckktkal  High  School, 
July  19, 190a. 
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From  time  to  time  the  writer  has  seen  statements  reflecting  on 
the  accuracy  of  the  iodide  method  for  copper.  The  strictures  are 
undoubtedly,  in  the  main,  perfectly  just,  according  to  the  experi- 
ence of  their  authors.  When  the  writer  first  published  his  modifi- 
cation of  the  method,  the  preliminary  experiments  and  the  actual 
assaying  of  many  ores  seemed  to  justify  all  the  statements  then 
made.  Continued  use  of  the  method,  however,  upon  all  kinds  of 
material;  eventually  resulted  in  the  discovery  of  slight  inaccuracies 
under  certain  conditions  not  always  recognized  or  understood  at 
the  time.  Much  attention  has  naturally  been  paid  to  the  elimina- 
tion of  these  troubles  and  apparently  with  success.  As  a  result, 
the  assay  as  now  carried  out  in  the  writer's  laboratory,  while 
essentially  the  same  as  originally  described,  is  nevertheless  differ- 
ent in  many  of  its  details.  It  appears  to  leave  but  little  to  be 
desired  on  the  score  of  accuracy  and  is  perhaps  of  sufficient 
general  interest  to  warrant  publication. 

DESCRIPTION  OP  THE  METHOD. 

Standardization  of  the  Thiosulphaie  Solution. — Prepare  a  solu- 
tion of  sodium  thiosulphate  containing  about  19  grams  of  the  pure 
crystals  to  the  liter.  Standardize  as  follows :  Weigh  accurately 
about  0.200  gram  of  pure  copper  foil  and  place  in  a  flask  of  about 
250  cc.  capacity.  Dissolve  by  warming  with  5  cc.  of  a  mixture  of 
equal  volumes  of  strong  nitric  acid  (sp.  gr.  142)  and  water  and 
then  dilute  to  about  50  cc.  Boil  for  a  few  moments  to  partially 
expel  the  red  fumes  and  then  add  5  cc.  of  strong  bromine  water 
and  boil  until  the  bromine  is  thoroughly  expelled.  The  bromine 
is  to  ensure  the  complete  destructon  or  removal  of  the  red  fumes. 
Remove  from  the  heat  and  add  a  slight  excess  of  strong  ammonia 
water.  Ordinarily  it  suffices  to  add  7  cc.  of  ammonia  water  of 
0.90  sp.  gr.  Again  boil  until  the  excess  of  ammonia  is  expelled, 
as  shown  by  a  change  of  color  of  the  liquid  and  a  partial  precipita- 
tion of  the  copper  as  hydroxide  or  oxide.  Now  add  strong  acetic 
acid  in  slight  excess,  perhaps  3  or  4  cc.  of  the  80  per  cent,  acid  in 
all,  and  boil  again  for  a  moment  if  necessary  to  redissolvc  the 
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copper.  Cool  to  room  temperature  and  add  about  3  grams  of 
potassium  iodide,  or  6  cc.  of  a  solution  of  the  salt  containing  50 
grams  in  100  cc.  Cuprous  iodide  will  be  precipitated  and  iodine 
liberated  according  to  the  reaction 

2(Cu.2C1H,01)  +  4KI  =  Cu,If  +  4(K.C,Ht01)  +  2I. 
The  free  iodine  colors  the  mixture  brown.  Titrate  at  once  with 
the  thiosulphate  solution  until  the  brown  tinge  has  become  weak 
and  then  add  sufficient  starch  liquor  to  produce  a  marked  blue 
coloration.  Continue  the  titration  cautiously  until  the  color  due 
to  free  iodine  has  entirely  vanished.  The  blue  color  changes 
towards  the  end  to  a  faint  lilac.  If  at  this  point  the  thiosulphate 
be  added  drop  by  drop  and  a  little  time  be  allowed  fcfr  complete 
reaction  after  each  addition,  there  is  no  difficulty  in  hitting  the 
end-point  within  a  single  drop.  1  cc.  of  the  thiosulphate  solution 
will  be  found  to  correspond  to  about  0.005  gram  of  copper,  or 
about  1  per  cent,  in  the  case  of  an  ore  where  0.5  gram  has  been 
taken  for  assay.  The  reaction  between  the  thiosulphate  and  the 
iodine  is 

2(NatS,Of)  +  2I  =  2NaI  +  Na,S4CV 

Sodium  iodide  and  tetrathionate  are  formed.  The  starch  liquor 
may  be  made  by  boiling  about  0.5  gram  of  starch  with  a  little 
water  and  diluting  with  hot  water  to  about  250  cc.  The  liquor 
should  be  homogeneous  and  free  from  lumps  or  grains.  It  should 
be  used  cold  and  must  be  prepared  frequently,  as  it  does  not  keep 
well.  The  thiosulphate  solution  made  from  the  pure  crystals  and 
distilled  water  appears  to  be  quite  stable,  showing  little  or  no 
variation  in  a  month  under  reasonable  conditions. 

Treatment  of  Ores. — To  0.5  gram  of  the  ore  in  a  flask  of  250  cc. 
capacity  add  about  6  cc.  of  strong  nitric  acid  and  boil  gently  nearly 
to  dryness.  Then  add  5  cc.  of  strong  hydrochloric  acid  and  again 
heat.  As  soon  as  the  incrusted  matter  has  dissolved  add  6  cc.  of 
strong  sulphuric  acid  (sp.  gr.  1.84)  and  boil  until  the  more 
volatile  acids  are  expelled  and  the  fumes  of  sulphuric  acid  are 
coming  off  freely.  This  is  best  done  over  a  naked  flame.  Allow 
to  cool,  add  25  cc.  of  cold  Water  and  heat  the  mixture  to  boiling. 
Allow  to  stand,  hot,  until  any  anhydrous  ferric  sulphate  is  entirely 
dissolved  and  then  filter  to  remove  more  especially  any  lead  sul- 


I084  ALBERT  H.  LOW. 

phate.    Receive  the  filtrate  in  a  beaker  about  6  cm.  in  diameter. 
Wash  the  flask  and  filter  with  either  hot  or  cold  water  and  make 
the  volume  of  the  filtrate  about  75  cc.     Place  in  the  beaker  a  piece 
of  sheet-aluminum  prepared  as  follows:    Cut  a  strip  of  stout 
sheet-aluminum  2.5  cm.  wide  and  about  14  cm.  long  and  bend 
this  into  a  triangle  so  it  will  stand  upon  its  edge  in  the  beaker. 
The  same  aluminum  may  be  used  repeatedly  as  it  is  but  little 
attacked  each  time.    Add  one  large  drop  of  a  mixture  of  equal 
volumes  of  strong  hydrochloric  acid  and  water,  cover  the  beaker 
and  heat  to  boiling.    Allow  to  boil  from  seven  to  ten  minutes, 
which  should  be  sufficient  to  precipitate  all  the  copper  in  any  case, 
provided  the  bulk  of  the  solution  does  not  much  exceed  75  cc 
Avoid  boiling  to  a  very  small  bulk,  as,  in  that  case,  some  of  die 
precipitated  copper  may  redissotve.    The  aluminum  should  now 
appear  clean,  the  precipitated  copper  being  detached  or  only 
loosely  adhering.    Remove  from  the  heat  and  wash  down  the 
cover  and  sides  of  the  beaker  with  cold  water.    There  is  danger 
of  the  finely  divided  copper  being  slightly  oxidized  and  dissolved 
during  the  subsequent  washing.    To  prevent  this,  and  at  the  same 
time  to  precipitate  any  traces  of  copper  still  remaining  in  solution, 
add  about  15  cc.  of  strong  hydrogen  sulphide  water.    If  the 
copper  in  the  ore  does  not  much  exceed  20  per  cent,  proceed  as 
follows:    Decant  the  supernatant  liquid  through  a  9  cm.  filter. 
Add  10  cc.  of  strong  hydrogen  sulphide  water  to  the  residue  in 
the  beaker  and  then  transfer  the  liquid  and  precipitate  to  the 
filter.    Wash  thoroughly  with  cold  water,  without  delay,  to  avoid 
oxidation.    Now  place  the  clean  original  flask  under  the  funnel. 
Pour  over  the  aluminum  in  the  beaker  5  cc  of  a  mixture  of  equal 
volumes  of  strong  nitric  acid   (sp.  gr.  142)  and  water.    Any 
adhering  particles  of  copper  will  be  thus  dissolved.    Heat  to 
boiling  but  do  not  prolong  the  latter  or  the  aluminum  will  be  un- 
necessarily attacked.    Pour  the  hot  acid  very  slowly  over  die 
precipitate  on  the  filter  so  as  to  dissolve  all  the  copper,  lifting  the 
fold  if  necessary.     Now,  without  washing,  pour  5  cc  of  a  cold, 
saturated,  aqueous  solution  of  bromine  into  the  filter  and  then 
wash  the  beaker  and  filter  with  hot  water.    Finally  remove  the 
filter  and  open  it.    If  there  remains  a  residue  that  might  possibly 
contain  copper  it  may  be  rinsed  into  the  flask.    The  bromine  has 
several  functions.  •  It  cleanses  the  separated  sulphur  left  on  the 
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filter,  it  ensures  the  highest  state  of  oxidation  of  any  arsenic  or 
antimony  present,  and  it  also  effects  the  complete  destruction  or 
removal  of  the  red  fumes,  which  is  a  matter  of  great  importance. 
If  5  cc.  of  bromine  water  are  insufficient  to  impart  a  permanent 
tinge  to  the  filtrate,  more  must  be  added.  Boil  the  filtrate,  which 
usually  does  not  exceed  75  cc.  in  bulk,  to  thoroughly  expel  the 
excess  of  bromine,  but  avoid  boiling  to  such  a  small  bulk  as  to 
cause  decomposition  of  bromides,  etc.  Remove  from  the  heat  and 
add  ammonia  water  in  slight  excess  (ordinarily  7  cc.  of  strong 
ammonia).  Boil  off  the  excess  of  ammonia,  as  shown  by  the 
change  of  color  of  the  solution,  and  then  acidify  with  acetic  acid, 
again  boiling  if  necessary  to  redissolve  any  precipitate  containing 
copper.  The  addition  of  3  or  4  cc.  of  the  80  per  cent,  acid  is 
usually  sufficient.  A  large  excess  of  acetic  acid  does  no  harm 
but  is  not  necessary  except  in  the  presence  of  sufficient  arsenic  to 
cause  a  precipitate  of  copper  arsenate.  This  may  require  consid- 
erable acetic  acid  for  its  solution,  perhaps  10  cc.  If  not  mostly 
dissolved  at  this  stage,  it  is  taken  up  slowly  later  on  and  the  titra- 
tion may  become  very  tedious  before  the  true  end-point  is  finally 
reached.  Proceed  with  the  acetic  acid  solution,  after  cooling  to 
room  temperature,  precisely  as  described  in  the  standardization  of 
the  thiosulphate  and  calculate  the  percentage  of  copper  from  the 
amount  of  the  latter  required. 

In  titrating  low  percentages  of  copper  great  care  should  be 
taken  not  to  pass  the  end-point.  Always  work  slowly  towards 
the  end  and  stop  short  of  complete  decolonization  and  then  con- 
tinue only  when  the  liquid,  after  standing  a  minute  or  two,  still 
persists  in  a  tinge  of  color. 

With  high  percentages  it  is  usually  advisable  to  wash  the  pre- 
cipitated copper  by  decantation  instead  of  on  the  filter.  Proceed 
as  follows :  Transfer  the  liquid  and  copper  in  the  beaker  (to  which 
hydrogen  sulphide  solution  has  been  added)  to  the  original  flask 
and  set  the  beaker  and  aluminum  aside  temporarily.  Allow  to 
settle,  decant  through  the  filter  and  wash  the  copper  three  or  four 
times  by  decantation,  the  first  time  with  hydrogen  sulphide  water 
and  then  with  cold  water,  using  about  20  cc.  each  time.  Now 
place  the  flask  and  residue  under  the  funnel,  heat  the  5  cc.  of  acid 
in  the  beaker  as  before  and  pour  it  through  the  filter.     Do  not  add 
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the  bromine  for  the  moment  but  remove  the  flask,  replacing  it 
under  the  funnel  with  the  beaker,  and  heat  the  acid  until  all  the 
copper  is  dissolved  and  the  red  fumes  are  mostly  expelled.  Now 
return  the  flask  under  the  funnel,  add  the  bromine,  proceed  with 
the  washing  of  the  beaker  and  filter,  and  continue  as  described  above. 

Owing  to  the  fact  that  the  end-pont  is  somewhat  sharper  as  the 
amount  of  copper  present  is  less,  the  operator  may  perhaps  find 
it  advantageous  in  the  case  of  very  rich  material  to  take  only  0.25 
gram  instead  of  0.5  gram  for  assay.  As  there  seems  to  be  no 
difficulty  in  doing  accurate  work  by  either  plan,  this  is  perhaps 
best  left  a  matter  of  choice. 

Notes. — According  to  the  equation  previously  given,  0.5  gram 
of  copper  requires  2.62  grams  potassium  iodide.  While  direct 
experiment  shows  this  to  be  apparently  true,  yet  when  only  the 
theoretical  amount  of  potassium  iodide  is  present  the  reaction  is 
slow  and  in  fact  does  not  appear  to  proceed  to  completion  until 
during  the  titration,  which  is  thereby  unduly  prolonged.  It  is 
best,  therefore,  to  always  use  an  excess,  but  as  the  iodide  is  ex- 
pensive the  quantity  used  should  be  governed  by  the  amount  of 
copper  present,  which  can  always  be  estimated  approximately. 
Allow  say  1  gram  potassium  iodide  for  every  15  per  cent,  copper, 
when  0.5  gram  of  ore  is  taken  for  assay.  It  is  convenient  to  pre- 
pare a  solution  containing  50  grams  of  potassium  iodide  in  100  cc 
A  2  cc.  pipette  will  thus  deliver  1  gram  of  the  salt.  No  error  will 
be  introduced  in  a  doubtful  case  by  adding  more  potassium  iodide 
after  the  titration  is  apparently  finished  and  resuming  the  opera- 
tion if  the  blue  color  is  thereby  restored. 

•Zinc  and  silver  do  not  interfere  with  the  assay.  Lead  and 
bismuth  are  without  effect,  except  that  by  forming  colored  iodides 
they  may  mask  the  approach  of  the  end-point  before  adding 
starch.  Arsenic  and  antimony,  when  fully  oxidized  as  described, 
have  no  influence.  The  return  of  the  blue  tinge  in  the  titrated 
liquid  after  long  standing  is  oftno  significance,  but  a  quick  return, 
which  an  additional  drop  or  two  of  the  thiosulphate  does  not  per- 
manently destroy,  is  usually  aft  evidence  of  faulty  work. 

Dbkvbk,  Colorado,  August  14,  190a. 
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The  difficulties  encountered  in  the  estimation  of  selenium  in 
organic  compounds  led  to  a  study  of  the  analytical  methods  in  use. 
We  have  found  these  methods  impracticable  in  their  application  tc 
selenium  compounds  which  are  to  be  decomposed  with  nitric  acid. 
The  results  obtained  were  invariably  too  low. 

It  is  stated  in  the  literature,1  and  has  been  verified  in  this  labora- 
tory, that  when  metallic  selenium  is  oxidized  by  nitric  acid, 
the  product  is  always  selenious  acid  without  a  trace  of  selenic  acid. 
This  statement  holds  good  in  the  case  of  organic  compounds  con- 
taining selenium  when  they  are  heated  with  red  nitric  acid  in  a 
sealed  tube  for  several  hours  at  temperatures  between  1800  and 
260 °  C.  Advantage  has  been  taken  of  this  deportment  for  the 
determination  of  selenium  by  methods  based  upon  the  reducibility 
of  selenious  acid  by  sulphur  dioxide,  hydrogen  sulphide,  sodium 
thiosulphate,  hydriodic  acid,  etc. 

The  determination  of  selenium  in  solutions  of  selenious  acid 
free  from  nitric  acid  is  comparatively  easy.  Several  of  the 
methods  proposed  permit  of  a  high  degree  of  accuracy.  The  two 
following  have  best  served  our  purpose : 

(1)  The  old  gravimetric  method  of  Rose,2  which  consists  in 
reducing  the  selenious  acid,  in  the  presence  of  hydrochloric  acid, 
by  means  of  sulphur  dioxfde,  collecting  the  precipitate  on  a 
weighed  paper,  drying  at  ioo°  C,  and  weighing. 

(2)  The  iodometric  method  of  Norris  and  Fay,s  whereby  the 
selenious  acid  is  reduced,  in  the  presence  of  hydrochloric  acid,  by 
an  excess  of  N/io  sodium  thiosulphate  solution  and  the  excess 
determined  by  titrating  back  with  a  standard  iodine  solution. 

Both  methods  when  properly  executed  yield  excellent  results. 
The  volumetric  process  is  preferable  when  a  number  of  estimations 
are  to  be  made.    It  is  simple,  rapid  and  accurate. 

Other  methods  deserving  mention  are  those  of  Gooch  and 

1  Wohlwlll :  Ann.  Ckem.  Pkarm.,  114, 173  ;  Dimmer:  Band  1,  683:  Rotcoe  and  Scaoff- 
Icmmer  :  Vol.  1,  36a. 

•  Fogg.  Anw.rUS,  47*  ;  ZUchr.  anal.  Ch*m.%  1,  73. 

•  Am.  Ckfim.J.,  iS.  703 ;  aj,  119. 
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Pierce,1  and  Muthman  and  Schaeffer.2  The  latter  method,  how- 
ever, has  been  studied  by  Gooch  and  Reynolds3  and  found  to  be 
inaccurate. 

None  of  these  methods  are  directly  applicable  to  solutions  of 
selenious  acid  containing  free  nitric  acid,  a  condition  obtaining 
from  the  customary  oxidation  of  selenium  and  its  compounds 
with  nitric  acid.  To  free  such  solutions  from  nitric  acid  without 
loss  of  selenium  has  afforded  great  difficulty  from  the  time  of  the 
first  attempts  to  estimate  this  metal. 

Rose4  states  that  solutions  of  selenious  acid  can  not  be  heated 
above  ioo°  C.  without  volatilization  of  selenium  dioxide  and  pro- 
vides for  the  removal  of  the  nitric  acid  by  evaporation  on  a  water- 
bath.  It  has  been  our  experience,  and  the  experience  of  others, 
that  with  the  most  carefully  conducted  evaporations  a  loss  of 
selenium  invariably  occurs. 

Divers  and  Schimose6  attribute  the  low  results  to  the  formation 
of  selenic  acid  during  the  evaporation  with  nitric  acid.  They 
recommend  boiling  the  residue  with  hydrochloric  acid  for  the 
purpose  of  reducing  any  selenic  acid  to  selenious  acid.  This  pre- 
caution is  manifestly  unnecessary  when  nitric  acid  alone  has  been 
used  to  decompose  the  compound. 

Rathke6  recommended  the  addition  of  hydrochloric  acid  to  the 
selenious  acid  solution  previous  to  evaporation.  Later,1  he 
suggested  the  addition  of  sodium  or  potassium  chloride  to  the 
solution  to  prevent  volatilization  of  selenium  chloride  during  the 
repeated  evaporations  with  hydrochloric  acid.  The  results  of 
Rathke's  analyses  show  a  loss  of  from  I  to  5  per  cent. 

Michaelis,8  finding  that  evaporation  with  hydrochloric  acid 
always  resulted  in  the  loss  of  selenium,  sought  to  avoid  evapora- 
tion by  boiling  the  solution  with  a  great  excess  of  concentrated 
hydrochloric  acid  until  the  nitric  acid  should  be  completely  de- 
composed. The  operation  was  conducted  in  a  flask  provided 
with  a  return  condenser.     Michaelis  used  this  scheme  success- 

1  Am.  J.  Set'.,  1,  (4).  31. 

5  Ber.  d.  ckem.  Ges  ,  2)6,  iook. 

*  Am.  J.  Set.,  go,  254. 

*  Ztschr.  anal.  Ckem.,  i,  -js. 

*  J  Chem.  Soc.%  $7,  439 

*  Ann.  Ckem.  Pkarm.,  iga,  194  and  206. 
»  y.  prakL  Chem.%  1 08,  349. 

*  Ber.  d.  chem.  Ges.%  30,  3827. 
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fully,  in  connection  with  the  gravimetric  method,  when  ordinary 
nitric  acid  was  employed  to  bring  about  the  decomposition  of  the 
organic  compound.  It  is  our  experience  that  when  as  little  as  4 
or  5  cc.  of  red  fuming  nitric  acid  are  used,  several  hours'  boiling 
under  an  inverted  cooler  is  not  sufficient  to  bring  about  complete 
decomposition  and  removal  of  the  nitric  acid.  The  method,  even 
should  it  be  successful,  is  a  very  great  time-consumer  and  is 
troublesome  from  a  mechanical  standpoint.  Further,  the  solution 
or  selenious  acid  so  treated  would  be  unfit  for  direct  titration, 
according  to  the  method  of  Norris  and  Fay,  on  account  of  the 
large  and  unknown  amount  of  hydrochloric  acid  present.  It  has 
been  demonstrated  that  for  accurate  results  with  the  method  of 
Norris  and  Fay  the  amount  of  hydrochloric  acid  employed  must 
fall  within  a  certain,  well-defined  limit.1 

The  method  suggested  in  this  paper  for  the  elimination  of  the 
nitric  acid  has  the  advantage  of  easy  execution,  requires  less  time 
and  attention,  and  gives  very  accurate  results  when  used  in  con- 
nection with  either  the  gravimetric  or  volumetric  methods  for 
determining  the  selenium  in  solutions  of  selenious  acid. 

In  the  attempted  estimations  of  selenium  in  a  number  of  com* 
pounds,  some  of  which  contained  mercury,  we  observed  that  in 
the  case  of  a  mercuric  chloride  compound  the  results  always  came 
nearer  the  theoretical  than  was  true  with  the  purely  organic  com- 
pounds. This  deportment  is  verified  in  the  analytical  results 
reported  by  Rathke.8  In  a  body,  CnH-Se2OK,  the  selenium 
found  was  58.21  per  cent,  (theory  62.36  per  cent.),  while  in  the 
compound  2Se(C2H5)3Cl  -+-  ZnCl2,  containing  the  heavy  metal 
zinc,  the  selenium  found  was  28.59  Per  ccnt-  (theory  29.44  per 
cent.). 

The  plausible  explanation  of  this  deportment  is  that  the  heavy 
metal  present  forms  with  the  selenious  acid  a  selenite  which  is 
stable  at  the  temperature  of  the  water-bath,  thus  retaining  all  of 
the  selenious  acid  in  combination  during  the  evaporation. 

Accordingly,  exactly  equivalent  portions  of  mercuric  nitrate 
were  weighed  out  and  dissolved  in  the  selenious  acid  solution 
previous  to  evaporation.  The  results  were  encouraging  rather 
than   satisfactory.     The  quantity   of   selenium   usually   lost   by 

1  Norton  :  Am. J.  Set'.,  157,  367  ;  Norrifland  Fay:  Am.  Cksm.J.,  »j,  123: 
*  Amu.  Chem,  Pfkarm.,  iga,  307-212. 
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evaporation  in  the  absence  of  a  heavy  metal  was  found  much 
diminished.  It  would  be  impracticable,  for  obvious  reasons,  to 
have  in  the  solution  always  a  quantity  of  mercury  salt  exactly 
equivalent  to  the  selenious  acid.  It  became  evident  that  the  metal 
added  to  the  solution  to  retain  the  selenious  acid  during  the  evapo- 
ration must  form  a  selenite  perfectly  stable  at  ioo°  G,  and 
sufficiently  insoluble  in  cold  water  to  permit  of  washing  free  from 
nitrates  and  nitric  acid.  A  number  of  simple  selenites,  e.  g.,  cad- 
mium, mercury,  magnesium  and  silver,  were  tried  but  without 
success.  All  were  found  too  soluble  for  quantitative  purposes. 
A  further  search  in  the  literature  was  rewarded  by  finding  the 
statement  of  Boutzoureano1  concerning  the  double  selenite  am- 
monia compounds.  A  number  of  selenites  dissolve  in  ammonium 
hydroxide  and  upon  evaporation  of  the  solution  on  a  water-bath, 
or  in  a  vacuum,  form  double  compounds,  e.  g.,  AgsSeOtNHg. 
Silver  and  zinc  selenite  ammonia  may  be  formed  in  this  way. 
These  compounds  are  insoluble  in  water,  soluble  in  acids  and 
perfectly  stable  at  ioo°  C. 

It  was  foreseen  from  this,  that  if  to  a  solution  of  selenious  acid 
containing  nitric  acid  an  excess  of  silver  or  zinc  nitrate  be  added 
and  the  solution  evaporated  to  dryness  to  expel  the  nitric  acid,  the 
residue,  containing  all  of  the  selenium  as  selenite,  could  then  be 
evaporated  with  ammonium  hydroxide  to  form  the  double  selenite 
ammonia.  This  compound,  it  was  hoped,  would  permit  of  wash- 
ing free  from  nitrates  without  appreciable  loss.  The  residue  of 
silver  or  zinc  selenite  ammonia  could  then  be  decomposed  by 
means  of  hydrochloric  acid,  and  the  usual  gravimetric  or  volu- 
metric methods  for  the  estimation  of  selenious  acid  applied.  The 
method  was  tried  and  proved  entirely  successful. 

EXPERIMENTAL  PART. 

Preparation  of  Pure  Selenium  Dioxide. — Pulverized  selenium 
was  oxidized  with  concentrated  nitric  acid  and  the  reaction  mix- 
ture evaporated  to  dryness  on  a  water-bath.  The  residue  was 
moistened  with  nitric  acid  and  sublimed  in  a  small  beaker  accord- 
ing to  the  method  suggested  by  Norris  and  Fay.1  To  ensure 
greater  purity  the  above  product  was  resublimed  in  a  current  of 

1  Jakrtsb,  ».  FbrUchritU  d.  Chem.t  4a,  39a. 
*  Am.  Chem.J.%  18, 701. 


SELENIUM  IN  ORGANIC  COMPOUNDS.  IO91 

dry  oxygen  in  a  combustion  tube.  The  selenium  dioxide  so  ob- 
tained, in  the  form  of  delicate,  white  needles,  was  dried  to  con- 
stant weight  in  a  vacuum  desiccator  over  phosphorus  pentoxide. 
An  accurately  weighed  quantity  of  pure  selenium  dioxide  was 
dissolved  in  water,  the  solution  acidulated  with  a  drop  of  concen- 
trated hydrochloric  acid  and  diluted  to  1000  cc. 

In  all  of  the  following  experiments  the  volumetric  method  of 
Norris  and  Fay1  was  used  for  the  final  estimation  of  the  selenious 
acid. 

Direct  Titration  of  the  Selenious  Acid  Solution. — Portions  of 
the  selenious  acid  solution,  25  cc.  each,  were  titrated  directly  with 
the  following  result : 

Selenium  present.        N/10  N*tSfOs  used.        Selenium  found. 
Gram.  cc.  Gram. 

(«) 0x55468  27.69  0.05469 

(b) 0.05468  27.63  0.05457 

(c) 0.05468  27.65  0.05461 

Determination  of  Selenium  in  Solutions  Containing  Nitric  Acid. 
— (a)  Portions  of  25  cc.  of  the  selenious  acid  solution  were 
treated  with  a  slight  excess  of  silver  nitrate  and  about  2  cc.  of 
fuming  nitric  acid.  The  evaporation  to  dryness  and  repeated 
treatment  with  ammonium  hydroxide  was  then  carried  out  accord- 
ing to  the  method  to  be  described  later.  Following  are  the  results : 

Selenium  present.        N/io  NSfS|Oa  used.        Selenium  found. 
Gram.  cc.  Gram. 

{a) 0.05468  27.83  0.05498 

(b) 0.06491  32.78  0.06472 

{c) 0.06491  32.88*  0.06489 

(d) 0.06491  32.75  0.06468 

(e) 0.06491  32.77  0.06470 

(b)  An  excess  of  zinc  nitrate  was  used  instead  of  silver  nitrate 
in  a  series  of  experiments  similar  to  (a),  with  the  following 
result : 

Selenium  present.        N/xo  NSfStOi  used.        Selenium  found. 
Gram.  cc.  Gram. 

(a) 0.06491  32.71  0.06460 

(6) 0.06491  32.75  0.06468 

(c)  Similar  experiments  were  made  using  cadmium  nitrate  in 
place  of  silver  or  zinc  nitrate.  The  results  were  very  much  too 
low.  Cadmium  selenite  ammonia,  CdSeOj.NH,,  does  not  with- 
stand the  washing. 

»  Am.  Ckem.J.t  18,704  ;  aj,  119. 
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(d)  The  selenium  in  the  following  aromatic  selenium  com- 
pounds was  determined  by  this  process : 

Evaporated     N/10  NagSgO* 
Weight  of    with  sine  or  used.  Theory.     Fond. 

rabstanre.1  silver  nitrate. 

(i)  0.10745  AgNQ, 

(2)  0.21445  Zn(NQi), 

(3)  0.09065  AgNO, 

(4)  0.0945  AgNQ, 

We  recommend  the  following  procedure  for  the  determination 
of  selenium  in  organic  compounds : 

Heat  a  weighed  quantity  of  the  substance  in  a  sealed  tube  with 
red  fuming  nitric  acid  one  hour,  or  longer,  at  a  temperature  of 
235 °  or  2400  C.  Transfer  the  contents  of  the  tube,  together  with 
the  wash-water,  to  an  evaporating  dish  of  about  400  cc.  capacity. 
Add  about  1/4  more  silver  or  zinc  nitrate  than  is  theoretically 
required  to  unite  with  the  selenious  acid  present.  Evaporate  to 
dryness  on  a  water-bath.1  Wash  down  the  sides  of  the  dish  with  a 
little  water  and  again  evaporate  to  dryness.  Treat  the  residue 
twice  with  about  50  cc.  dilute  ammonium  hydroxide  and  evaporate 
after  each  addition.  Add  water  and  evaporate  twice  to  ensure 
complete  removal  of  free  ammonia.  When  cool,  wash  the  residue 
with  water,  decanting  the  wash- water  on  a  filter,  until  free,  from 
nitrates.  Place  the  filter-paper  in  the  evaporating  dish,  decom- 
pose the  silver  or  zinc  selenite  ammonia  with  10  cc.  hydrochloric 
acid  (sp.gr.  1.124),  dilute  the  solution  to  about  300  cc.  with  water 
and  add  a  few  pieces*of  ice. 

Run  in  N/10  sodium  thiosulphate  solution  in  slight  excess,3 
allow  the  mixture  to  stand  one  hour4  and  determine  the  excess  of 
thiosulphate  by  titration  with  standard  iodine  solution. 

1  cc.  N/10  Na^SjOg  solution  =  0.001975  gram  of  metallic 
selenium. 

To  estimate  the  selenium  gravimetrically : 

(a)  In  case  silver  nitrate  is  used :  Filter  after  decomposing  the 

>  The  rabatance  need  in  (i)  and  (a)  is  di-phenyl-di*elenide  ;  in  (3)  di-benzyl-dlsele- 
nide ;  and  in  (4)  a  compound,  C^H^Se*. 

*  The  water-bath  must  not  be  allowed  to  go  dry  daring  this  or  any  subsequent  mpo- 
ration. 

*  We  have  found  this  method  moat  accurate  when  the  excess  of  N/10  thiosutphatr  em- 
ployed does  not  exceed  5  to  7  cc.  Compare  Norton :  Am.  J.  Set.,  if  7,  s*7 ;  also  Norrisand 
Pay :  Am.  Chem.J.%  *£,  133. 

«  The  mixture  must  be  kept  near  the  temperature  of  melting  ice  during  the  reduction 
with  thiosulphate. 
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silver  selenite  ammonia  with  hydrochloric  acid,  wash  the  paper 
free  from  chlorine  and  reduce  the  selenious  acid  in  the  filtrate  by 
means  of  sodium  bisulphite. 

(b)  In  case  zinc  nitrate  is  used :   Filtering  after  the  decompo- 
sition  with  hydrochloric  acid  may  be  omitted. 

Indiana  Uxivkxbity,  Blooihngtox.  Ind.. 
August,  190  j. 
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It  is  commonly  known  to  chemists  that  plant  materials,  in  their 
onversion  to  ash  by  burning,  lose  not  only  water,  carbon  dioxide, 
md  nitrogen  as  the  gaseous  products  of  their  ignition,  but  gener- 
ally some  portion  of  their  sulphur  and  phosphorus  as  well.1  Ex- 
perience of  other  analysts  has  shown  that  such  losses  can  not  be 
avoided,  like  those  of  alkaline  chlorides,  by  any  simple  precaution. 
The  accurate  determination  of  sulphur  and  phosphorus  is  of  great 
importance  in  calculating  the  heat  of  combustion  in  plant  sub- 
stances from  their  elementary  analysis,  and  the  determination  of 
phosphorus  in  estimating  the  soil-exhausting  action  of  vegetable 
products.  The  ordinary  ash  analysis  is  insufficient  for  such 
purposes. 

The  following  work  was  undertaken  at  the  suggestion  and 
under  the  direction  of  Dr.  William  Frear.  The  determination  of 
sulphur  and  phosphorus  in  plant  substances  is  carried  on  by  a 
number  of  different  methods  and  a  comparison  of  results  on  a  few 
of  these  methods  is  all  that  was  attempted.  The  substances 
analyzed  were  cottonseed-meal  and  timothy  hay.  There  were  also 
a  few  determinations  made  on  egg  albumen.  These  substances 
were  chosen  on  account  of  the  wide  difference  in  their  sulphur 
and  phosphorus  content,  the  cottonseed-meal  containing  relatively 
large  amounts,  while  the  timothy  hay  is  very  poor  in  these  ele- 
ments.    The  methods  used  were  as  follows: 

1  Wiley's  "  Principle*  and  Practice  of  Agricultural  Analysis,"  Vol.  I.  pp.  419-420; 
Vol.  III.  pp.  37.  43o  *ud  446- 
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First.  Determination  of  the  sulphur  and  phosphoric  acid  in 
the  ashes  of  the  substances. — About  5  or  10  grams  of  the  sample 
were  incinerated  in  a  platinum  dish ;  the  ash  was  digested  with  a 
little  dilute  hydrochloric  acid  and  then  washed  on  a  filter  with  hot 
water.  The  filtrate  and  washings  were  made  up  to  about  150  cc. 
and  then,  while  hot,  barium  chloride  solution  was  added.  After 
standing  twelve  hours,  the  solution  was  filtered,  and  the  barium 
sulphate  was  washed,  ignited,  and  weighed ;  the  amount  of  sul- 
phur was  calculated  from  the  weight  of  barium  sulphate.  The 
filtrate  and  washings  from  the  barium  sulphate  precipitation  were 
evaporated  to  a  small  bulk,  the  hydrochloric  acid  neutralized  with 
ammonia  and  the  solution  was  acidified  with  nitric  acid.  Phos- 
phoric acid  was  then  determined  in  the  usual  way  with  ammonium 
molybdate  and  magnesia  mixture. 

Second.  Destruction  of  organic  matter  by  fusion  with  potas- 
sium hydroxide  and  nitrate  and  determination  of  sulphur  and 
phosphoric  acid  in  the  fused  mass. — Two  grams  of  the  sample 
were  fused  with  a  mixture  of  20  grams  of  potassium  hydroxide 
and  6  or  8  grams  of  potassium  nitrate.  The  fusion  was  made  in 
platinum  crucibles  heated  by  gasoline  gas.  Blank  determinations 
were  made,  which  gave  no  trace  of  sulphur  or  phosphorus,  show- 
ing both  the  purity  of  the  reagents  used,  and  that  no  sulphur  was 
absorbed  from  the  gas.  After  complete  fusion  was  obtained  the 
mass  was  cooled,  dissolved  in  hot  water,  and  then  carefully  acidi- 
fied with  hydrochloric  acid.  Sulphur  and  phosphoric  acid  were 
determined  in  this  solution  as  before.  A  blank  determination  was 
made  on  the  potassium  hydroxide  and  potassium  nitrate  but 
neither  sulphur  nor  phosphoric  acid  was  found. 

Third.  Destruction  of  organic  matter  by  action  of  potassium 
hydroxide  followed  by  chlorine,  and  determination  of  sulphur  and 
phosphoric  acid  in  residues. — Two  grams  of  the  sample  were 
boiled  with  about  200  cc.  of  a  strong  potassium  hydroxide  solu- 
tion for  thirty  minutes.  Chlorine  was  then  passed  through  the 
solution  till  it  was  decolorized.  The  solution  was  then  acidified 
with  hydrochloric  acid  and  filtered.  The  sulphur  and  phosphoric 
acid  in  the  solution  were  determined  in  the  usual  way. 

Fourth.  Destruction  of  organic  matter  by  ignition  with  oxygen 
in  a  bomb-calorimeter  and  determination  of  the  sulphur  and  phos- 
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phoric  acid  in  the  products  of  combustion. — A  2-gram  sample  was 
pressed  into  a  small  tablet  and  placed  in  a  Hempel-Atwater  bomb- 
calorimeter.  The  bomb  was  then  filled  with  oxygen  at  a  pressure 
of  18  atmospheres.  The  sample  was  ignited  by  an  electric  fuse. 
During  combustion,  the  bomb  was  surrounded  by  cold  water,  as  is 
usual  in  determining  heats  of  combustion,  and  kept  thus  cooled 
for  fifteen  minutes,  so  that  the  condensation  of  the  vapors  formed 
in  the  bomb  might  be  as  complete  as  possible.  Owing  to  the  high 
pressure  of  the  gases  enclosed  within  the  bomb  and  the  nature  of 
its  vent,  the  regulation  of  their  escape,  in  such  manner  as  to  ensure 
the  complete  absorption  of  any  substances  containing  sulphur  or 
phosphorus  that  might  have  escaped  condensation,  seemed  im- 
possible. The  method  is,  therefore,  valid  only  in  so  far  as  the 
sulphur  and  phosphoric  acid  are  retained  in  the  solid  and  liquid 
residues  within  the  bomb.  The  liquid  contained  only  traces 
of  phosphoric  acid-,  this  constituent  appearing  chiefly  in  the  solid 
residues.  After  the  ignition,  the  bomb  was  opened,  the  liquid  it 
contained  was  washed  into  a  beaker  and  the  small  amount  of  ash, 
which  was  usually  in  the  form  of  an  insoluble  glassy  slag,  was 
fused  with  sodium  carbonate.  This  fusion  was  dissolved  in  hot 
water,  and  the  solution  added  to  the  liquid  washed  from  the  inside 
of  the  bomb.  The  sulphur  and  phosphoric  acid  were  then  deter- 
mined in  the  solution. 

Fifth.  Destruction  of  organic  matter  by  a  boiling  mixture  of 
nitric  and  hydrochloric  acids,  and  determination  of  sulphur  and 
phosphoric  acid  in  the  resulting  solution. — The  samples  were 
treated  according  to  the  method  of  the  Association  of  Official 
Agricultural  Chemists  for  total  phosphoric  acid.  Two  grams  of 
the  sample  were  boiled  for  thirty  minutes  in  a  mixture  of  nitric  and 
hydrochloric  acids.  The  sulphur  and  phosphoric  acid  were  de- 
termined in  the  solution.  In  some  of  the  determinations  on 
cottonseed-meal  the  boiling  was  carried  on  for  a  much  longer  time 
and  the  acid  lost  by  evaporation  was  replaced  by  more  acid. 

Sixth.  Destruction  of  organic  matter  by  burning  in  oxygen  in 
*a  combustion  tube  and  determination  of  sulphur  and  phosphoric 
acid  both  in  the  residual  and  escaping  gases. — The  sample  was 
burned  in  a  combustion  tube  in  a  current  of  oxygen.  The  products 
of  combustion  were  passed  through  a  series  of  absorption  tubes 
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containing  a  hydrochloric  acid  solution  of  bromine.  After  the 
combustion  was  completed,  the  solution  in  the  absorption  tubes 
was  emptied  into  a  beaker.  The  combustion  tube  was  washed 
out  to  remove  the  ash,  and  the  washings  were  added  to  the  solu- 
tion from  absorption  tubes.  The  mixed  solutions  were  boiled 
till  all  the  bromine  was  expelled,  and  then  filtered.  The  sul- 
phuric acid  was  then  determined  in  the  clear  solution  as  usual. 
The  complete  combustion  of  the  organic  matter  was  attained  with 
difficulty ;  undecomposed  vapors  tended  to  form  a  tarry  deposit  at 
the  exit  end  of  the  tube ;  this  was  finally  overcome,  first,  by  intro- 
ducing the  oxygen  not  only  at  the  end  of  the  combustion  tube,  but 
also,  by  means  of  a  small  tube  inserted  at  a  point  about  an  inch 
beyond  the  boat  containing  the  burning  material ;  and,  second,  by 
taking  pains  to  keep  the  tube  at  a  bright  red  heat  for  a  few  inches 
beyond  the  entrance  of  the  second  stream  of  oxygen.  With  these 
precautions,  no  condensaton  of  tarry  products  occurred.  To 
secure  the  most  complete  contact  of  the  escaping  gases  with  the 
bromine  solution,  the  latter  was  held  in  four  6-inch,  3-bulb  U-tubes 
set  in  a  pan  of  cool  water,  and  the  gases  were  evolved  slowly  as  in 
a  carbon  determination. 

Seventh.  Ignition  after  saturation  with  a  solution  of  calcium 
acetate. — The  sulphur  was  also  determined  according  to  a  modi- 
fication of  the  method  proposed  by  A.  E.  Shuttleworth  of  Ontario 
Agricultural  College.  Ten  grams  of  the  sample  were  saturated 
with  20  cc.  of  a  solution  of  calcium  acetate  containing  29.2  grams 
to  the  liter.  The  material  was  then  incinerated  and  sulphur  de- 
termined in  the  ash.  These  incinerations  took  place  in  a  platinum 
crucible. 

Eighth.  Ignition  after  saturation  with  a  solution  of  barium  hy- 
droxide.— Ten  grams  of  the  cottonseed-meal  were  saturated  with 
a  solution  of  barium  hydroxide,  dried,  and  ignited.  The  ash  was 
fused  with  sodium  carbonate,  the  fused  mass  extracted  with  hot 
water,  the  solution  filtered  and  the  sulphur  determined  in  die 
filtrate  as  usual. 

A  partial  analysis  of  the  organic  substances  used,  was  made 
with  the  following  results : 
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Table  I.— Fodder  Analysis  of  Materials. 

Moisture.  Pat.  Protein.1  Ash. 

Cottonseed-meal..     7.08       7.13        10.05        10.00      42.12       5.73        5.70 

Timothy  hay 4.55        4.50         2.02         2.02       4.75       3.81        3.84 

Egg  white  (dry) ...  ...  ...      83.37        6.02 

As  previous  statements  indicate,  the  results  are  somewhat  dif- 
ferently expressed  for  the  two  elements  under  consideration,  those 
for  sulphur  being  given  in  terms  of  the  element  itself,  those  for 
phosphorus  in  terms  of  the  pentoxide,  P2Ob,  commonly  spoken  of, 
in  agricultural  chemical  literature,  as  "phosphoric  acid".  The 
reason  for  the  distinction  is  that  evidence  points  to  the  existence 
of  phosphorus  in  plants  principally  in  the  form  of  phosphoric  acid, 
except  in  the  seeds  where  it  exists  largely  in  the  organic  form  in 
lecithins  and  other  similar  compounds;  and  to  the  fact  that  sul- 
phur is  present  principally  in  some  other  state  of  combination 
than  sulphuric  acid. 

The  following  experiment  clearly  shows  this  fact.  Any  sul- 
phates present  in  a  plant  substance  can  be  removed  by  careful  ex- 
traction with  hydrochloric  acid  of  moderate  strength  and  can  be 
precipitated  from  the  solution  directly.  The  cottonseed-meal  was 
thus  extracted  with  acid  of  1.06  sp.  gr. ;  the  solution  contained 
sulphuric  acid  (SO*)  equivalent  to  0.159  per  cent,  of  the  meal  (as 
the  result  of  duplicate,  exactly  concordant  determinations) ;  this 
corresponds  to  0.064  per  cent,  of  sulphur,  about  one-ninth  erf  all 
the  sulphur  present. 

The  results  of  the  several  determinations  of  sulphur  and  phos- 
phoric acid  in  cottonseed-meal  and  timothy  hay  by  the  foregoing 
eight  methods  are  presented  in  Tables  II-IV. 

Table  II. — Sulphur. 

Cottonseed  meal.  Timothy  hay. 

/  ■  ■■*■  »      *  *  '    'H 

I.  II.  T.  II. 

Methods.  Percent.  Percent.  Percent.  Percent. 

i.  In  ash 0.046   0.040   ....    0.048   0.042 

2.  Fusion  with  potassium  hydrox- 

ide and  nitrate 0.570      0.550       •  •  •  •        o.  145      0.135 

3.  Destruction  by    potassium  hy- 

droxide and  chlorine o. 280      0.280       -  •  •  •  

4.  In  bomb-calorimeter  products* •  0.440     0.410       ....        0.075      0.068 

5.  In  solution  with  hydrochloric  r  0.230      0.240 

and  nitric  acids \  0.220*    0.230* 


■  •••  »•••  •  •  • 


•  •  •  •  • 


1  Nitrogen  X  6.33. 

'  After  extraction  with  ether. 
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Cottonseed-meal.  Timothy  bay. 

I.  II.  I.         II. 

Methods.  Percent.  Percent.  Percent.  Percent 

6.  In  products  of  ignition  in  com- 

bustion tube 0.470      0.440     0.450         

7.  Ignition  after    saturation    with 

calcium  acetate 0.120      0.120       ....        0.044     0.044 

8.  Ignition  after   saturation    with 

barium  hydroxide 9.065      0.070       ....  

Tabids  III.— Phosphoric  Acid. 

Cottouseed-meal.  Timothy  hay. 

I.  II.  I.  II.  Ill- 

Methods.  Percent.  Percent.  Percent.  Percent.  Percent. 

1.  In  ash 2.41        2.31        0.555      0.345 

2.  Fusion  with  potassium  hydroxide 

and  nitrate 2.51        2.45        0.34        0.32 

3.  Destruction    by    potassium    hy- 

droxide and  chlorine 0.42        0.46 

4.  In  bomb-calorimeter  products  . .     2.21        2.34        0.29        0.29 

5.  In  solution  with  hydrochloric  and 

nitric  acids 1.33        1.33        0.35        0.36       0.32 

6.  In  products  of  ignition  in  com- 

bustion tube 0.781       0.731 

1  After  extraction  with  ether. 

Table  IV.— Ana  lysis  op  Egg  Albumen. 

Calculated  to  dry  substance. 

Method.  Sulphur.        Phosphoric  acid. 

1.  Ill  ash 0.196  0.21 

2.  Pusion  with  potassium  hydroxide  and  nitrate    1.60  0.22 

Sulphur. — It  will  be  seen  from  these  results  that  the  fusion  with 
potassium  hydroxide  and  potassium  nitrate  g&ve  the  highest  re- 
sults for  sulphur  in  all  three  of  the  substances  examined,  and  that 
this  method  gave  results  on  sulphur  in  tgg  albumen  closely  coin- 
ciding with  those  found  by  Hoppe-Seyler  in  the  same  substance; 
vis.,  1.57  per  cent.  The  amount  of  sulphur  in  the  ash  of  the 
various  samples  is  so  low  that  it  gives  no  indication  of  the  total 
amount  of  sulphur  present,  showing  that  the  greater  portion  is 
driven  off  by  ignition.  The  sulphur  obtained  by  boiling  with 
potassium  hydroxide  solution,  with  subsequent  oxidation  with 
chlorine;  gave  only  half  the  sulphur  found  by  the  fusion  method. 
The  sulphur  found  by  ignition  in  the  bomb-calorimeter  is  about 
the  same  in  amount  as  that  found  by  combustion  in  a  stream  of 
oxygen  and  absorption  of  the  products  of  combustion  in  a  hydro- 
chloric acid  solution  of  bromine,  but  is  still  considerably  less  than 
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is  obtained  by  fusion.1  It  seemed  to  be  impossible  to  completely 
oxidize  and  fix  all  the  sulphur  by  any  other  method  than  by 
fusion  with  alkaline  nitrate.  The  methods  of  saturating  the  sub- 
stance with  barium  hydroxide  solution  and  calcium  acetate  solu- 
tion, respectively,  before  ignition,  give  results  considerably  higher 
than  simple  incineration  without  previous  saturation;  still,  they 
are  so  far  below  those  given  by  other  methods  that  they  are  of 
slight  value. 

The  great  difficulty  in  the  determination  of  sulphur  in  organic 
substances  is  to  get  all  the  sulphur  completely  oxidized.  This 
was  shown  by  the  fact  that  when  cottonseed-meal  was  fused  with 
potassium  hydroxide  without  enough  nitrate  being  added  to  com- 
pletely burn  up  the  organic  matter,  the  results  were  too  low ;  also, 
the  fusion  thus  obtained  gave  off  hydrogen  sulphide  gas  when 
treated  with  hydrochloric  acid,  showing  that  part  of  the  sulphur 
had  been  fixed  by  the  alkali  but  not  oxidized. 

Phosphoric  Acid. — The  fusion  method  gave  slightly  more  phos- 
phoric acid  than  the  ash  in  the  case  of  the -cottonseed-meal,  but 
practically  the  same  for  the  timothy  hay  and  egg  albumen.  This 
would  indicate  that  in  the  substances  examined,  the  phosphoric 
acid  was  volatile  to  a  very  slight  extent  if  it  all.  Boiling  with 
potassium  hydroxide  solution  and  treating  with  chlorine  gave 
results  so  low,  that  this  method  may  be  discarded  for.  the  analysis 
of  this  class  of  bodies.  The  phosphoric  acid  found  by  ignition  it 
the  bomb-calorimeter  was  slightly  less  than  by  fusion,  and  this 
difference  was  probably  due  to  mechanical  loss  of  the  smaller  par- 
ticles of  the  glassy  slag  which  contained  almost  all  the  phosphoric 
acid. 

The  amount  of  phosphoric  acid  obtained  from  the  hay  by  boil- 
ing with  nitrohydrochloric  acid  was  practically  the  same  as  found 
by  fusion  or  incineration.  When  the  cottonseed-meal  was  treated 
in  this  way  only  about  half  of  the  phosphoric  acid  present  was 
obtained.  It  was  thought  at  first  that  the  phosphoric  acid  had  not 
been  taken  into  solution.  When  a  sample  of  the  cottonseed-meal 
was  placed  on  a  paper  filter  and  extracted  with  nitric  acid  (sp.  gr. 
1. 15),  the  phosphoric  acid  determined  in  the  filtrate  by  direct  pre- 
cipitation amounted  to  0.16  per  cent.  Other  samples  were  treated 
as  above,  except  that  the  filtrate  was  evaporated  to  dryness,  the 
residue  ignited,  cooled,  and  then  dissolved  in  nitrohydrochloric 

1  [See.  however,  the  following  article.    Editoe.] 
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acid.  The  phosphoric  acid  was  determined  in  the  resultant  solu- 
tion, and  in  three  determinations  the  results  were  respectively 
2. 1 8,  2.22,  and  2.31  per  cent.  This  shows  that  the  phosphoric 
acid  was  readily  taken  into  solution  by  the  action  of  nitrohydro- 
chloric  acid  on  the  seed  meal,  but  in  such  form  that  it  could  not 
be  entirely  precipitated  by  ammonium  molybdate  till  after  ignition 
and  subsequent  solution  in  nitric  acid.  AYork  done  by  Hardin1 
indicates  the  presence  of  meta-  and  pyrophosphoric  acid  in 
cottonseed-meal ;  but  these  forms  of  phosphoric  acid  should  be 
converted  into  orthophosphoric  acid  by  boiling  with  strong  nitric 
acid. 

Possibly  the  phosphoric  acid  in  cottonseed-meal  is  in  organic 
combination  that  is  not  broken  up  by  boiling  with  strong  nitro- 
hydrochloric  acid  and  can  only  be  set  free  by  ignition  or  fusion. 

The  cottonseed-meal  was  extracted  with  anhydrous  ether,  and 
the  ether  extract  was  fused  with  potassium  hydrodixe  and  potas- 
sium nitrate  and  the  sulphur  and  phosphorus  determined.  The 
extract  contained  0.47  per  cent,  phosphorus  pentoxide,  probably 
contained  in  ether-soluble  lecithins;  most  of  the  phosphorus  in 
these  compounds  is  driven  off  by  ignition  and  this  would  account 
for  some  of  the  difference  in  results  between  the  methods  of  fusion 
with  alkali  and  simple  ignition. 

The  sulphur  obtained  from  the  ether  extract  by  the  fusion 
method  amounted  to  0.30  per  cent,  of  the  extract,  or  calculated  to 
original  substance,  0.03  per  cent. 


[Contribution  from  the  Havemever  Laboratories  of  Columbia 

University,  No.  71.] 
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THE  DETERMINATION  OF  SULPHUR. 

In  order  to  secure  complete  oxidation  of  the  sulphur  of  organic 
materials  without  loss  through  the  formation  of  volatile  com- 
pounds a  great  many  modes  of  procedure  have  been  described. 
Without  attempting  an  enumeration  of  these  it  may  be  said  that 
nearly    all    of    them    fall    under    one    of   three  general  heads: 

1  Bulletin  35  U.  S.  Dept.  of  Agriculture,  Division  of  C  lemtstry.  p.  50. 
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(i)  oxidation  by  means  of  nitric  acid  in  a  seabd  tube;  (2)  heat- 
ing in  a  combustion  tube  in  a  current  of  air,  oxygen  or  some  oxi- 
dizing vapor — the  oxidation  being  sometimes  completed  by  means 
of  platinized  asbestos;  (3)  fusion  with  an  alkali  (sometimes  with 
previous  treatment  with  nitric  acid),  the  oxidation  being  com- 
pleted either  by  the  addition  of  an  oxidizing  agent  to  the  fusion  or 
by  treating  the  alkaline  solution  with  chlorine  or  bromine.  The 
first  method  is  quite  inconvenient  for  samples  low  in  sulphur  be- 
cause only  small  amounts  of  material  can  be  decomposed  at  a  time 
and  determinations  are  frequently  lost  through  breaking  of  the 
tubes.  The  second  method  requires  the  fitting  up  of  special  appa- 
ratus and  is  not  apt  to  be  used  unless  many  determinations  are 
required.  Hence  some  modification  of  the  third  general  method 
is  apt  to  be  preferred  and  the  most  common  is  perhaps  the  fusion 
of  the  substance  with  sodium  hydroxide  with  the  addition  of 
nitrate  or  peroxide  to  complete  the  oxidation.  This  method,  if 
carefully  carried  out,  can  be  made  to  yield  very  accurate  results, 
at  least  with  ordinary  materials,  but  it  appears  that  equally  accu- 
rate results  can  be  more  convenientlv  obtained  bv  direct  com- 
bustion  in  oxygen. 

Berthelot  in  18921  proposed  the  use  of  the  calorimetric  bomb 
for  the  elementary  analysis  of  organic  substances  and  stated  that 
on  combustion  with  25  atmospheres  of  oxygen  the  sulphur,  as 
well  as  the  carbon  and  hydrogen,  was  completely  oxidized,  and  in 
the  presence  of  moisture  remained  entirely  in  the  form  of  sul- 
phuric acid.  This  method  has  been  used  to  some  extent,  espe- 
cially for  the  determination  of  sulphur  in  coals,  and  Hempel  has 
described2  a  modification  in  which  the  combustion  is  accomplished 
in  a  large  glass  vessel  with  oxygen  at  ordinary  pressure. 

As  an  additional  precaution  the  gases  from  the  bomb  after  the 
combustion  may  be  made  to  pass  through  bromine  water  to  which 
the  rinsings  of  the  combustion  chamber  may  afterwards  be  added 
and  the  whole  boiled  to  insure  the  oxidation  of  any  sulphurous 
acid  which  may  have  been  formed.  This  is  considered  unneces- 
sary by  Hempel  and  the  following  experiments  show  that  the 
bromine  was  not  needed  with  the  samples  here  used :  Dried  meat, 
dried  curd  and  white  of  egg  were  burned  and  the  sulphur  deter- 

1  Comfit,  rend.,  114,  317,  318. 

*  Zisckr.  angew.  Cfum.  (1892),  pp.  393-394- 
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mined  as  described  below  with  the  additional  precaution  of  the- 
use  of  bromine  as  just  mentioned.  The  same  samples  were  then 
treated  in  exactly  the  same  way  except  that  the  wash-bottle 
through  which  the  escaping  gases  passed  contained  only  water, 
which  was  subsequently  used  for  rinsing  out  the  combustion 
chamber.  After  passing  through  the  water  the  escaping  gases 
were  led  through  a  second  wash-^bottle  containing  bromine  water. 
The  same  portion  of  bromine  water  was  used  for  these  three  com- 
bustions and  was  then  examined  and  found  to  have'  absorbed  no 
sulphur.  The  results  with  and  without  the  use  of  bromine  were 
as  follows: 

Percentage  of  sulphur  found. 

I'sing  bromine  water.  I'sing  water  only. 

Dried  lean  meat 0.814  0.816 

Dried  curd 0.61 1  0.609 

Dried  white  of  egg 1.406  1.410 

These  tests  seemed  to  show  conclusively  that  for  these  samples 
the  use  of  bromine  was  entirely  unnecessary  and  in  the  subsequent 
use  of  this  method  we  have  carried  it  out  as  follows : 

Compressed  Oxygen  Method. — A  suitable  amount  of  sample  is 
pressed  into  a  pellet  and  burned  in  the  bomb-calorimeter1  in  the 
same  manner  as  in  the  determination  of  heat  of  combustion,  using 
from  25  to  30  atmospheres  of  oxygen.  By  means  of  a  coupling 
with  small  bore  the  bomb  is  then  connected  with  a  wash-bottle 
containing  water,  and  the  gas  is  allowed  to  bubble  through  the 
water  until  the  contents  of  the  bomb  reaches  atmospheric  pressure, 
when  it  is  opened  and  thoroughly  rinsed  with  water.  In  order  to 
keep  down  the  volume,  the  water  from  the  wash-bottle  is  used  for 
the  first  rinsing.  Any  ash  found  in  the  combustion  capsule  is 
dissolved  by  means  of  hydrochloric  acid  and  this  solution  added  to 
the  main  solution.  The  whole  is  then  boiled  down  to  the  desired 
volume,  filtered  if  necessary,  and  the  sulphuric  acid  determined  by 
precipitation  with  barium  chloride. 

This  method  has  been  applied  to  a  few  sulphur  compounds  pre- 
pared by  students  in  the  organic  laboratory,  selecting  such  as 
contained  sulphur  in  an  "unoxidized"  condition  in  order  to  make 
the  test  as  decisive  as  possible.  The  following  results  were  ob- 
tained : 

1  In  these  experiments  a  platinum-lined  Atwater-Blakeslee  bomb  wan  used. 
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Percentage  of  sulphur. 

, ■  » 

Theoretical.  Pound. 

Benzyl  sulphocyanide 21-49  21.52 

Benzyl  sulphide 14.96  14.77 

DiphenyJ  thiourea 14.04  13*85 

Benzyl  sulphoxide 13.92  13. 72 

The  oxygen  method  was  then  compared  with  the  alkali  method, 
using  sodium  peroxide  as  the  oxidizing  agent  and  with  the  "nitric 
acid  method"  as  provisionally  adopted  for  the  determination  of 
sulphur  in  plants  at  the  last  (1901)  meeting  of  the  Association  of 
Official  Agricultural  Chemists. 

Alkali  Method. — This  was  carried  out  essentially  as  described 
by  Osborne.1  Fifteen  grams  of  sodium  peroxide  were  weighed 
and  most  of  it  introduced  at  once  into  a  large  silver  crucible  and 
converted  into  hydroxide  by  adding  a  little  water  and  boiling  over 
an  alcohol  lamp  until  the  excess  of  water  was  expelled.  The 
hydroxide  was  allowed  to  cool  until  pasty  when  the  sample  was 
.added  and  stirred  into  the  alkali  as  quickly  as  possible.  The  heat 
was  then  gradually  raised  and  the  remainder  of  the  peroxide 
-added  in  small  portions  to  complete  the  oxidation.  The  fused 
mass  was  then  allowed  to  cool,  was  dissolved  and  washed  into  a 
beaker  with  water,2  acidulated  with  hydrochloric  acid  and  boiled. 
Finally  the  solution  was  filtered,  neutralized  with  ammonia, 
brought  to  the  desired  volume  and  acidity  and  the  sulphuric  acid 
•determined  as  usual. 

With  the  vegetable  materials  the  acidulated  solution  was  evapo- 
rated to  dryness  and  heated  to  dehydrate  any  silica  which  might 
"have  been  present. 

Nitric  Acid  Method. — Except  that  only  2  grams  of  the  sample 
were  taken,  the  method  was  carried  out  as  described  by  Fraps.3 
The  material  was  placed  in  a  4-inch  porcelain  evaporating  dish, 
20  cc.  of  concentrated  nitric  acid  added  and  the  mixture  heated  on 
the  water-bath,  cautiously  at  first  and  ther  at  the  temperature  of 
boiling-water.  When  frothing  had  ceased  and  the  solution  was 
partly  evaporated,  10  cc.  of  a  5  per  cent,  solution  of  potassium 
nitrate  were  added  and  the  mixture  evaporated  to  dryness  and 
ignited,  at  first  very  cautiously  over  a  Bunsen  burner  and  finally 

1  This  Journal.  34,  142. 

*  In  one  case  it  was  ncceasary  to  filter  at  this  point  as  the  crucible  had  been  attacked 
~by  the  peroxide. 

>  This  Journal.  a4,  347. 
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over  the  blast-lamp  until  the  residue  was  white.  The  residue  was 
dissolved  in  hydrochloric  acid,  evaporated  to  dryness  and  heated 
for  some  time  at  no°  to  120 °  to  render  silica  insoluble.  Finally 
the  residue  was  taken  up  with  water  and  a  little  hydrochloric  acid, 
filtered,  the  filtrate  brought  to  the  desired  bulk  and  acidity  and 
the  sulphuric  acid  determined  as  usual. 

With  each  method  about  2  grams  of  the  sample  were  used  in 
each  case  and  the  final  precipitation  of  barium  sulphate  was  made 
in  a  solution  of  about  150  cc.  containing  about  2  cc.  of  concen- 
trated hydrochloric  acid.  The  amount  of  sulphur  introduced  by 
the  reagents  was  determined  for  each  method  by  making  a 
"blank"  test  with  sugar  or  benzoic  acid. 

Six  samples  were  used  in  comparing  the  three  methods.  These 
were:  (1)  dried  lean  beef;  (2)  curd  precipitated  from  cows' 
milk  by  acetic  acid  and  reduced  to  a  fine,  dry,  neutral  powder; 
(3)  coagulated  yolk  of  egg,  dried,  ground  and  partially  extracted 
with  ether;  (4)  coagulated  white  of  egg,  dried  and  ground;  (5) 
wheat  bran ;  (6)  dried  beans,  outer  coating  and  germ  removed 
before  grinding.  All  of  these  samples  were  analyzed  in  the  air- 
dried  state.  The  results  obtained  are  shown  in  the  following 
table : 

.Percentage  of  sulphur  found. 

Compressed       Hydroxide-  Nitric 

oxvgen  peroxide  acid 

Substance.  method.  method.  method. 

Dried  lean  beef 0.815  0.811  0.679 

Dried  curd 0.610  0.60S  0.495 

Yolk  of  egg 0.822  0.S19  0.810 

White  of  egg 1.408  1.421  1.146 

Wheat  bran —  0.264  °*259  0.182 

Beans 0.217.  0.229  0.165 

Average 0.689  0.691  0.580 

While  the  results  by  the.  first  two  methods  are  practically  identi- 
cal, those  obtained  by  the  nitric  acid  method  are  lower,  the  average 
amount  of  sulphur  found  being  about  five-sixths  of  that  present. 
A  part  of  this  discrepancy  is  probably  due  to  mechanical  loss. 
Carrying  out  the  method  as  described  it  was  found  in  most  cases 
that  on  heating  the  residue  left  on  evaporation  after  the  addition 
of  the  nitrate,  no  matter  how  slowly  the  heat  was  applied,  there 
was  a  short  period  of  vigorous  oxidation  at  about  the  time  the 
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material  had  become  thoroughly  charred.  At  this  point  there  may 
easily  have  occurred  a  very  slight  mechanical  loss  of  substance. 
It  seems  probable,  however,  that  the  greater  part  of  the  discrep- 
ancy was  due  to  volatilization  of  sulphur  in  some  form  of  combina- 
tion not  sufficiently  oxidized  to  stand  the  heat  generated  at  this 
point.  Such  a  loss  could  doubtless  be  avoided  by  repeated  evapo- 
ration with  nitric  acid  or  by  the  addition  of  alkali  along  with  the 
nitrate  but  the  method  would  then  become  practically  that  of 
Salkowski.  It  is  possible  also  that  by  sufficient  experimentation 
one  might  find  the  proportions  of  substance,  acid,  and  nitrate 
which  would  give  good  results  with  a  single  evaporation,  but  the 
proportions  would  probably  differ  according  to  the  material  to  be 
analyzed  and  in  the  writer's  hands  the  method  did  not  promise 
sufficient  advantage  to  justify  such  a  study.  If  all  loss  of  sulphur 
could  be  avoided,  it  would  become  necessary  to  guard  against  an 
absorption  of  sulphur  from  the  gas  flame  when  the  residue  is 
heated  over  the  blast-lamp. 

While  the  results  obtained  by  the  first  two  methods  are  equally 
accurate,  the  combustion  in  oxygen  has  some  distinct  advantages. 
It  requires  much  less  attention,  complete  oxidation  being  instan- 
taneously obtained  with  no  danger  of  loss  by  volatilization.  No 
reagents  are  used  except  the  compressed  oxygen  and  a  little  hy- 
drochloric acid,  both  of  which  are  apt  to  be  free  from  sulphur, 
whereas  it  is  difficult  to  obtain  an  alkali  which  does  not  contain  an 
appreciable  amount.  Moreover,  by  doing  away  with  the  use  of 
alkali  any  danger  of  absorption  of  sulphur  compounds  from  the 
air  of  the  laboratory  is  avoided  and  the  solution  in  which  the  final 
precipitate  is  obtained  is  free  from  any  large  amount  of  foreign 
salts. 

THE  DETERMINATION  OF  PHOSPHORUS. 

The  following  three  methods  for  determination  of  phosphorus 
were  compared. 

Compressed  Oxygen  Method. — The  combustion  was  carried  out 
as  described  above.  The  ash  in  the  platinum  combustion  capsule 
was  dissolved  by  means  of  strong  nitric  acid  and  this  solution  added 
to  the  rinsings  of  the  bomb  and  the  whole  boiled  and  then  allowed 
to  cool.  Ammonia  was  then  added  in  excess  and  the  solution 
slightly  acidulated  with  nitric  acid  and  precipitated  with  molybdate 
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solution,  the  ammonium  phosphomolybdate  being  afterward  dis- 
solved and  the  phosphoric  acid  precipitated  with  magnesia  mix- 
ture in  the  usual  manner.  The  details  of  manipulation  recom- 
mended by  the  Association  of  Official  Agricultural  Chemists1 
were  here  followed,  especial  care  being  given  to  the  conditions  of 
the  final  precipitation. 

Sodium  Carbonate  Method. — The  sample  was  mixed  in  a  plat 
inum  dish  with  6  or  7  grams  of  dry  sodium  carbonate  and  3  or  4 
grams  of  the  latter  spread  over  the  mixture.  The  dish  was  then 
heated  carefully  over  a  Bunsen  burner  until  all  danger  of  vigorous 
reaction  was  past.  The  heat  was  then  raised  and  pulverized 
potassium  nitrate  added  in  small  portions,  the  mass  being  occasion- 
ally stirred  with  a  platinum  rod.  This  was  continued  until  the 
mass  was  entirely  white,  the  whole  amount  of  nitrate  added  being 
usually  about  1  gram.  After  cooling,  the  fusion  was  transferred 
to  a  beaker,  dissolved  in  water  and  nitric  acid,  and  the  determina- 
tion completed  as  described  above. 

Sulphuric  Acid  and  Ammonium  Nitrate  Method. — This  was 
carried  out  essentially  as  described  by  Neumann.1  The  sample  is 
placed  in  a  Kjedahl  digestion  flask,  20  cc.  of  concentrated  sul- 
phuric acid  and  10  grams  of  ammonium  nitrate  added,  and  the 
mixture  heated  carefully  until  frothing  ceases,  then  allowed  to 
cool  somewhat  and  10  grams  more  of  ammonium  nitrate  added 
and  the  digestion  continued  until  organic  matter  is  entirely  de- 
stroyed and  a  colorless  solution  obtained.  This  is  allowed  to  cool, 
washed  out  into  a  beaker,  about  15  grams  of  ammonium  nitrate 
added,  and  the  phosphoric  acid  determined  by  the  molybdate- 
magnesia  method  as  already  described.  This  method  had  already 
been  found  to  yield  the  same  results  as  the  carbonate  method  when 
applied  to  feces  and  urine,  and  the  ease  and  rapidity  of  manipu- 
lation recommended  it  for  trial  upon  substances  containing  a 
larger  proportion  of  phosphorus  in  organic  combination. 

In  comparing  the  three  methods  care  was  taken  to  secure  ap- 
proximate uniformity  in  the  amounts  of  samples  taken  and  of  re- 
agents used.     Of  the  beef  and  of  the  beans  about  2  grams  were 

1  Bulletin  46.  revised  edition.  Bureau  of  Chemistry,  U.  S.  Dept.  of  Agriculture. 
•  Du  Bois  Reymonds  Archiv.,  physiol.  abth.,  (1897),  pp.  551-553  through  Jakr.   Thter 
fhemits  «7,  643. 


SULPHUR  AND  PHOSPHORUS  IN  ORGANIC  MATERIALS.     IIOJ 

taken  for  each  determination ;  of  each  of  the  other  samples  about 
i.  gram  was  used. 

The  table  below  shows  the  results  obtained  by  these  three 
methods  upon  five  of  .the  samples  already  described  (the  white  of 
egg  being  omitted  as  it  contained  only  o.i  per  cent,  of  phosphorus, 
all  of  which  remained  in  the  ash),  and  on  a  sample  of  casein  pre- 
pared in  the  laboratory  and  containing  less  than  0.5  per  cent, 
of  ash.1 

Percentage  of  phosphorus  found. 

Oxygen  Carbonate       Neumann's 

Substance.  method.  method.  method. 

Dried  lean  beef 0.490  0.493  0.499 

Dried  curd 1.341  1.335  1.327 

Casein  (air-dried) 0.789  °'7°9  °-797 

Yolkofegg 1.364  1.368  1.366 

Wheat  bran 1 .382  1.402  1.393 

Beans 0.481  0.470  0.452 

Average   0.975  0.976  °-97* 

The  three  methods  thus  yield  practically  the  same  results.  As 
shown  below  it  was  found  that  most  of  the  samples  lost  extremely 
little  phosphorus  when  burned  to  ash  in  the  usual  manner.  It  is 
believed  that  these  samples  are  fairly  representative  of  ordinary 
food  materials,  rich  in  proteid  matter.  If  so,  the  determination  of 
phosphorus  in  food  materials  is  attended  with  very  much  less 
danger  of  loss  than  the  determination  of  sulphur. 

In  the  case  of  the  prepared  casein  about  seven-eighths  of  the 
phosphorus  was  lost  when  the  material  was  burned  to  ash,  but  in 
the  determination  of  total  phosphorus  practically  identical  results 
were  obtained  by  the  three  methods  studied,  indicating  that  these 
three  methods  are  equally  applicable  to  practically  ash-free  organic 
compounds  of  this  nature  as  well  as  to  food  materials  and  ordinary 
physiological  products. 

LOSS  OF  SULPHUR  AND  PHOSPHORUS  IN  PREPARING  ASH. 

The  proportion  of  sulphur  which  remains  in  the  ash' of  animal 
and  vegetable  substances  may  not  be  of  much  significance  in  itself, 
yet  as  most  ash  analyses  include  the  determination  of  sulphates 
and  as  the  relation  of  total  sulphur  to  sulphur  in  ash  is  being  de- 
termined in  some  cases2  it  was  thought  advisable  to  include  it  here. 

»  For  this  sample  the  writer  is  indebted  to  Mr.  P.  B.  Hawk,  of  the  Department  of 
Physiological  Chemistry  of  thin  University. 
*  Praps :  This  Journal,  33,  199 ;  24*  3*6- 
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In  the  case  of  phosphorus  the  loss  in  preparing  the  ash  is  in 
most  cases  much  smaller  and  in  view  of  the  large  number  of  re- 
corded determinations  of  phosphorus  in  the  ashes  of  animal  and 
vegetable  materials  the  relation  of  this  to  the  total  phosphorus 
becomes  a  matter  of  considerable  importance. 

The  percentages  of  total  ash  in  the  air-dried  samples,  of  total 
sulphur  and  phosphorus,  and  of  sulphur  and  phosphorus  which 
remained  when  the  material  was  reduced  to  ash  in  the  usual 
manner,1  are  shown  in  the  following  table : 

Sulphur  and  Phosphorus  Remaining  in  Ash. 

Percentage  of  sulphur.  Percentage  of  phosphorus. 
Total  ash.  *  *  * 

Substance.  Percent.  Total.1        In  ash.  Total.*  In  ash. 

Dried  lean  beef 2.21  0.8x3  0.036  0.494  0.457 

Pried  curd 8.10  0.609  0.072  1*334  1.332 

Yolk  of  egg 4.92  0.821  0.013  1.366  1.307 

White  of  egg 5.22  1.415  0.206  0.1054  0.105 

Wheat  bran 6.58  0.262  0.016  1.392  1.392 

Beans 3.02  0.223  0.036  0.468  0.461 

Thus  while  the  loss  of  phosphorus  was  practically  nil  in  four 
cases  and  very  small  in  the  other  two,  the  loss  of  sulphur  ranged 
from  over  four-fifths  to  practically  all  of  that  present. 

It  should  be  noted  that  the  sample  of  curd  contained,  in  addition 
of  some  of  the  salts  originally  present  in  the  milk,  a  small  amount 
of  sodium  acetate,  formed  by  neutralization  of  the  acetic  acid  used 
in  precipitation,  which  doubtless  aided  in  the  retention  of  sulphur 
and  phosphorus.  As  already  stated,  the  sample  of  prepared 
casein  used  in  the  work  on  phosphorus  lost  about  seven-eighths  of 
its  phosphorus  on  being  burned  to  ash.  In  the  case  of  the  yolk  of 
egg  the  reduction  of  the  ash  to  whiteness  required  two  or  three 
hours  at  the  moderate  red  heat  which  was  used.  When  the  burn- 
ing was  completed  over  a  blast-lamp  the  ash  was  reduced  to  4.19 
per  cent.,  and  the  phosphorus  remaining  in  the  ash  to  1.143  per 
cent,  of  the  original  material. 

CONCLUSIONS. 

For  the  determination  of  sulphur  the  method  of  combustion  in 
compressed  oxygen  is  preferred.    Equally  good  results  were  ob- 

1  Bulletin  46,  revised  edition.  Bureau  of  Chemistry,  U.  8.  Department  of  Agriculture. 

*  Averages  of  results  by  the  oxygen  and  alkali  methods. 

*  Averages  of  results  by  the  three  methods  used. 

*  Determined  by  the  carbonate  method. 
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tained  by  the  hydroxide-peroxide  method  but  the  manipulation  is 
less  convenient.    The  nitric  acid  method  as  used  gave  low  results. 

In  the  determination  of  phosphorus  practically  identical  results 
were  obtained  whether  the  material  was  oxidized  by  combustion 
in  oxygen,  by  heating  with  carbonate  and  nitrate,  or  by  boiling 
with  sulphuric  acid  and  ammonium  nitrate.  For  the  analysis  of 
food  materials  and  physiological  products  the  last-mentioned 
method  will  probably  be  found  most  convenient,  especially  in 
laboratories  where  the  Kjeldahl  method  for  nitrogen  is  largely 
used. 

In  analyzing  animal  and  vegetable  materials  there  is  very  much 
greater  danger  of  loss  by  volatilization  of  sulphur  than  of  phos- 
phorus. 

The  writer  desires  to  express  his  indebtedness  to  Prof.  W.  O. 
Atwater  of  Wesleyan  University,  who  encouraged  this  work  in 
many  ways  and  in  whose  laboratory  a  large  part  of  it  was  done, 
and  to  Mr.  Emil  Osterberg  who  assisted  with  many  of  the  deter- 
minations. 

N«w  York  City, 
September,  1909. 


FURTHER  NOTES  ON  THE  BROMINE  ABSORPTION  OP  OILS. 

By  Parker  C  McIlhinby. 

Received  July  17, 1909. 

In  two  papers  published  in  the  Journal  of  this  Society,1  the 
writer  submitted  a  method  of  examining  fats  and  oils  in  which  the 
substance  to  be  examined  was  acted  upon  by  bromine  dissolved  in 
carbon  tetrachloride.  The  most  important  advantage  claimed  for 
the  method  was  that  if  the  oil  or  fat  contains  substances  with 
which  bromine  reacts  to  form  substitution  products,  the  fact  will 
be  made  known  by  the  production  of  a  certain  amount  of  hydro- 
bromic  acid  which  is  determined  in  one  part  of  the  process.  The 
ordinary  animal  and  vegetable  oils  and  fats,  such  as  olive  oil,  lard, 
cottonseed  oil,  linseed  oil,  etc.,  which  are  practically  pure  glycer- 
ides,  absorb  almost  the  whole  of  the  bromine  which  disappears 
during  its  action  upon  them  by  direct  addition,  that  is  to  say,  the 
bromine  unites  with  pairs  of  carbon  atoms  which  had  previously 
been  connected  by  double  or  triple  bonds,  and  consequently  but 

*  VoL  16,  975,  and  si,  1084. 
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little  hydrobromic  acid  is  produced  by  the  reaction.  The  analyti- 
cal process  gives,  for  each  test  made,  two  figures,  (Hie  showing  the 
bromine  absorbed  by  direct  addition  and  the  other  the  amount 
which  has  substituted  hydrogen. 

The  most  frequent  adulterants  of  fatty  oils  are  petroleum  and 
rosin,  both  of  which  are  relatively  cheap.  Both  of  these  react 
with  bromine  to  produce  hydrobromic  acid,  and  thereby  give  very 
distinct  indications  of  their  presence  in  other  oils.  An  extended 
application  of  the  process  has  not  resulted  in  any  modifications 
except  in  one  instance,  when  we  have  to  deal  with  a  substance 
which  is  partly  organic  and  partly  inorganic.  This  condition 
occurs  in  boiled  linseed  oil  and  more  particularly  in  driers.  The 
oxides  of  lead  and  of  manganese  which  are  natural  constituents 
of  these  substances,  and  also  the  lime  which  is  sometimes  present, 
neutralize,  as  might  be  expected,  a  part  or  the  whole  of  the  hydro- 
bromic acid,  which  may  be  formed  by  the  reaction  of  bromine 
with  such  an  adulterant  as  rosin  or  petroleum.  Consequendy 
when  metallic  compounds  are  present  it  is  not  safe  to  assume  that 
an  oil  is  free  from  rosin  simply  because  its  bromine  substitution 
figure  is  low.  If  there  is  any  considerable  amount  of  rosin  the 
small  amount  of  lead  and  manganese  present  in  boiled  oil  will  not 
obscure  the  indications,  especially  as  not  only  is  the  substitution 
figure  of  rosin  very  high  (75  or  thereabouts  as  compared  with  3 
for  linseed  oil),  but  its  addition  figure  is  very  low,  only  about  5 
as  against  105  for  linseed  oil.  On  account  of  die  small  proportion 
of  driers  usually  added,  it  may  easily  happen,  however,  that  a 
sample  of  boiled  oil  which  contains  a  drier  partly  composed  of 
rosin  or  of  mineral  oil  may  give  bromine  figures  which  are  not  at 
all  suspicious.  If  the  oil  is  adulterated  with  rosin  or  with  mineral 
oil  in  larger  amounts,  5  per  cent,  or  more,  such  as  would  naturally 
be  added  if  the  purpose  was  to  cheapen  the  product,  the  lowering 
of  the  addition  figure  will  be  sufficiently  marked  to  attract  atten- 
tion even  if  mineral  bases  are  present  in  sufficiently  large  amounts 
to  entirely  neutralize  the  hydrobromic  acid,  and  the  occurrence  of 
so  much  mineral  base  is  not  likely. 

It  may  be  remarked  that  the  iodine  figure  of  rosin  is  about  0.8 
of  that  of  linseed  oil,  and  that  the  adulteration  with  rosin  mav  be 
quite  serious  without  any  marked  lowering  of  the  Hubl  figure. 
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In  the  case  of  the  analysis  of  driers  used  in  making  boiled  oil, 
the  same  remarks  apply,  but  in  a  much  greater  degree. 

To  sum  up  the  matter  we  may  say  that  the  introduction  into  an 
oil  of  mineral  bases,  such  as  lime  and  the  oxides  of  lead  and  of 
manganese,  decreases  the  bromine  substitution  figure  given  by  the 
oil,  and  this  reduction  must  be  taken  account  of  in  the  analysis  of 
boiled  linseed  oil  and  of  driets. 

It  may  be  of  interest  to  give  some  account  of  the  effect  of  vary- 
ing conditions  upon  the  results  obtained  by  the  process.  First 
with  regard  to  the  time  required  for  the  contact.  A  number  of 
experiments  have  been  made  to  ascertain  how  long  a  time  is  re- 
quired for  the  reaction  to  be  completed.  It  appears,  as  a  result 
of  the  experiments,  that  as  far  as  the  reaction  of  bromine  and  the 
pure  glycerides  is  concerned,  the  reaction  goes  on  to  completion  in 
a  very  short  time,  probably  one  minute  or  less,  even  in  the  case  of 
oils  absorbing  most  halogen,  such  as  linseed  oil.  This  appears  to 
be  true,  generally,  providing  the  absorption  is  entirely  by  addition. 
If  part  or  all  of  die  absorption  of  halogen  is  by  substitution,  the 
amount  absorbed  varies,  as  it  is  natural  to  expect  that  it  would, 
with  the  time  of  contact  between  halogen  and  the  substance. 
Lewkowitsch1  takes  exception  to  the  author's  conclusion  that  on 
account  of  the  great  variation  in  the  results  caused  by  differences 
in  the  time  occupied  by  the  experiments,  the  iodine  figure  of  rosin 
is  of  little  value  as  a  "constant*'.  He  calls  attention  to  the  fact 
that  the  Hubl  figure  varies  with  the  time  of  contact  in  the  case  of 
other  substances  than  rosin.  In  reply  it  may  be  said  that  in  the 
case  of  unsaturated  glycerides  the  importance  of  the  time  factor  is 
insignificant  as  compared  with  its  importance  when  the  halogen 
absorption  is  mostly  by  substitution.  The  writer  still  feels  that 
the  iodine  figure  of  rosin  is  hardly  definite  enough  to  entitle  it  to 
recognition  as  a  "constant". 

A  number  of  experiments  were  made  to  compare  the  rapidity 
with  which  bromine  in  carbon  tetrachloride  solution  acts  upon 
such  a  material  as  common  rosin,  with  the  rapidity  of  the  action  of 
Htibl's  solution  on  the  same  material. 

The  bromine  absorption  of  a  sample  of  W.  G.  rosin  was  de- 
termined in  four  experiments,  in  one  of  which  the  reagent  was  al- 
lowed to  act  upon  the  rosin  for  two  minutes,  in  another  for 

>  '*  Oils,  Fata,  and  Waxen."  second  edition,  p.  335. 
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eighteen  minutes,  in  a  third  for  sixty-nine  minutes,  and  in  a  fourth 
for  twenty  hours ;  the  results  were  as  follows : 

Total  bromine  absorption. 
Time.  Per  cent. 

Two  minutes 160.8 

Eighteen  minutes 174.5 

Sixty-nine  minutes 178.0 

Twenty  hours 213*4 

Similar  experiments  with  Hubl's  solution  of  iodine  were 
previously  reported  by  the  author.1  The  same  sample  of  rosin 
was  used  in  both  sets  of  experiments.  The  results  obtained  were 
as  follows : 

Total  iodine  absorption. 
Time.  Per  cent. 

One  hour 126.7 

Two  hours 133.1 

Four  hours 142.0 

Bight  hours 144.8 

Eighteen  hours 160.3 

Fifty-two  hours 172.0 


CoxpA&isoir  of  Rapidity  of  action  of  B&oxxns  ajcd  of  Hubl's  Solution  ufost 

Rosin. 

The  two  sets  of  experiments  are  compared  graphically  in  the 

1  This  Journal,  16 ,  56. 
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figure.  The  highest  absorption  found  in  each  case  is  taken  as  ioo, 
the  lower  absorptions  being  reduced  to  the  same  basis  and  repre- 
sented in  the  figure  as  ordinates.  The  abscissas  represent  time  in 
hours.  It  will  readily  be  seen  from  the  figure  that  the  absorption 
of  bromine  is  much  more  nearly  complete  at  the  end  of  a  short 
experiment  than  that  of  iodine  in  the  determination  of  the  Htibl 
figure,  and  consequently  that  the  bromine  absorption  of  such  a 
material  as  rosin  is  a  much  more  definite  figure  and  less  affected 
by  the  length  of  the  experiment  than  the  Hubl  figure  is  for  the 
same  substance,  though  by  no  means  a  "constant." 

Rosin  may  be  taken  as  one  of  the  best  examples  of  the  absorp- 
tion of  halogen  purely  by  substitution,  the  addition  figure  being 
very  low  indeed,  though  the  total  absorption  is  high. 

A  series  of  five  experiments,  made  to  determine  the  effect  of 
varying  excess  of  bromine,  gave  the  following  results ;  a  sample 
of  pure  linseed  oil  was  used  for  the  experiments : 


Percentage  of  excels  of 
bromine. 

Total  bromine  absorption. 
Percent. 

16.5 

92.4 

3*-4 

95.5 

42.1 

983 

8l.2 

IOI.O 

104.3 

1035 

It  will  be  seen  that  an  excess  of  bromine  amounting  to  100  per 
cent,  or  more  of  that  absorbed  by  the  oil  is  necessary  in  order  that 
the  reaction  may  speedily  go  on  to  completion. 

Another  series  of  experiments  was  made  to  determine  the  effects 
of  varying  temperature  and  of  the  presence  or  absence  of  moisture 
in  the  oil.  The  bromine  figure  of  a  sample  of  linseed  oil  was  de- 
termined in  four  ways : 

First,  in  the  ordinary  way  at  the  room  temperature  200  C. 

Secorfd,  with  10  cc.  of  water  added  to  each  test  at  the  room 
temperature. 

Third,  with  10  cc.  of  water  added  to  each  test  and  the  bottles 
kept  immersed  in  melting  ice. 

Fourth,  with  10  cc.  of  water  added  to  each  test  and  the  bottles 
heated  to  300  C. 

The  experiments  were  all  carried  on  at  the  same  time.  The 
shortest  test  was  eighty-eight  minutes  and  the  longest  one  hundred 
and  eighty  minutes. 
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The  results  obtained  were  as  follows : 

Total  bromine     Bromine       Bromine 
absorption,      addition,    substitution. 

Dry,  ordinary  condition 1 10. 2  104.8  2.7 

10  cc.  water,  ordinary  temperature .  •  108.6  104.0  2.3 

10  cc.  water,  cooled 109.8  104.0  2.9 

10  cc.  water,  heated 1 13.2  103.0  5.0 

It  is  noteworthy  that  the  results  appear  to  be  but  slightly 
affected  by  the  variations  introduced  and  particularly  that  the 
presence  of  water  seems  to  be  without  serious  effect. 
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It  has  been  known  for  a  long  time  that  when  soluble  phos- 
phates are  applied  to  the  soil,  they  become  fixed  by  the  bases, 
lime,  iron,  etc.,  and  are  not  leached  from  the  soil  to  any  very 
considerable  extent  by  rain  or  irrigation  waters.  By  this  process 
water-soluble  phosphoric  acid  is  "reverted"  or  changed  to  a  combi- 
nation not  soluble  in  water.  This  is  akin  to  the  fixation  of  potash 
and  ammonia,  which  are  changed  into  insoluble  combinations  in 
the  soil. 

This  is  a  wise  provision  of  nature  and  prevents  salts  and  bases 
in  the  soil  which  have  been  rendered  soluble  by  weathering  and 
other  agencies  from  being  washed  out  and  lost  from  the  soil ;  andit 
enables  the  agriculturalist  to  apply  certain  forms  of  soluble 
fertilizers  to  growing  crops  without  fear  of  losing  them  in  the 
drainage  waters.  But  what  becomes  of  the  water-soluble  phos- 
phoric acid  applied  as  a  fertilizer;  is  it  fixed  near  die  surface,  or 
is  it  well  distributed  throughout  the  soil  where  the  roots  of  plants 
can  get  it  ? 

The  following  investigation  was  undertaken  for  the  purpose  of 
determining  to  what  extent  water-soluble  phosphoric  acid  is 
distributed  through  the  soil  before  it  becomes  fixed.  In  certain 
sections  of  these  islands  the  cane  grows  by  irrigation;  in  other 
sections  the  rainfall  is  ample.  Where  irrigation  is  practiced  the 
soluble  fertilizer  is  scattered  along  the  cane  row,  in  some  cases 
covered,  in  other  cases  not,  and  followed  up  within  a  day  or  two 
by  irrigation.    Three  or  four  inches  of  water  would  represent  an 
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average  irrigation.  Usually  the  water  disappears  in  the  soil 
within  twenty  or  thirty  minutes  of  application.  Where  rainfall 
is  depended  upon,  fertilizers  are  covered  up. 

APPARATUS  AND  METHODS. 

The  most  conclusive  and  determinate  method  would  be  to  apply 
phosphoric  acid  in  water  solution  \o  the  soil,  and  then,  by  making 
analyses  of  the  soil,  find  where  it  has  been  fixed.  This,  however, 
is  not  practical  since  our  chemical  methods  are  not  sufficiently 
delicate  to  detect  slight  differences  in  the  amount  of  this  acid,  and 
were  a  soil  analyzed  before  and  after  the  application  of  an  ordinary 
dose  of  phosphoric  acid,  this  amount  would  not  be  detected.  The 
lysimeter  method  is  the  next  best ;  a  given  weight  of  phosphoric 
acid  is  applied  to  the  soil,  followed  by  an  excess  of  water,  the 
drainage  water  caught  and  analyzed.  The  difference  between  the 
amount  of  acid  applied  and  that  found  in  the  drainage  is  the 
amount  abstracted  and  held  by  the  soil.  By  varying  the  depth  of 
soil  in  this  experiment  we  find  the  depth  at  which  the  phosphoric 
acid  is  held.  Boxes,  9  in.  cube,  were  made,  several  holes  bored  in 
the  bottom  for  the  purpose  of  allowing  the  drainage  water  to 
escape,  and  varying  depths  of  soil  placed  in  them.  Ten  grams  of 
double  superphosphate  were  applied  in  each  case,  which  is  as 
large  an  amount  as  is  applied  in  the  cane  rows  to  a  space  9  inches 
by  9  inches.  In  each  case  4800  cc.  of  water  were  added,  this 
amount  being  probably  an  average  irrigation.  Notes  were  made 
of  the  time  necessary  for  the  water  to  percolate  through  the  soil, 
and  the  total  time  of  draining. 

RESULTS. 

I.  Experiments  with  dark-colored  soil  from  Makiki.  This  soil 
contains  more  phosphoric  acid  soluble  in  weak  vegetable  acid 
solutions  than  any  other  Hawaiian  soil  thus  far  examined. 

( 1 )  Six  inches  of  soil ;  water  began  percolating  through  the 
bottom  of  the  soil  at  end  of  six  minutes,  and  1790  cc.  of  water 
were  recovered  within  one-half  hour,  when  drainage  was  practi- 
cally completed.  The  1790  cc.  of  water  contained  0.023  gram 
P20-  or  0.57  per  cent,  of  total  applied. 

(2)  Six  inches  of  soil;  the  phosphate  was  covered  up  in  the 
moist  soil  and  allowed  to  stand  over  night.     Water  began  drain- 
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ing  within  two  minutes,  and  3300  cc.  were  drained  in  forty 
minutes,  containing  but  a  trace  of  phosphoric  acid. 

II.    Typical  red  soil  from  the  Honolulu  plantation. 

( 1 )  Six  inches  of  soil ;  water  began  draining  in  two  minutes, 
and  finished  draining  in  forty  .minutes.  Recovered  2072  cc 
water  containing  0.1113  gram  P205  or  2.78  per  cent  of  total 
applied. 

(2)  Six  inches  of  soil  containing  20.72  per  cent,  moisture; 
phosphate  covered  up  and  allowed  to  stand  over  night;  began 
draining  in  three  minutes ;  finished  draining  in  fifty  minutes.  2320 
cc.  of  water  were  recovered,  containing  0.0134  gram  PsOe  or  0.34 
per  cent,  of  total  applied. 

(3)  Three  inches  of  soil;  began  draining  in  one  minute; 
finished  draining  in  thirty  minutes.  Recovered  3130  cc.  of  water 
containing  0.35  gram  P2Oa  or  8.75  per  cent,  of  total  applied. 

(4)  Three  inches  moist  soil ;  phosphate  covered  up  and  allowed 
to  stand  over  night.  2886  cc.  of  water  were  recovered,  containing 
0.0408  gram  P2Os  or  1 .02  per  cent,  of  total  applied.  The  soil  and 
phosphate  were  allowed  to  stand  two  days.  Two  liters  of  water 
were  poured  over  it,  of  which  1700  cc,  containing  0.0048  gram 
P2QB  or  12  per  cent,  of  total  applied,  were  recovered.  After 
standing  two  days  this  was  subjected  to  a  further  leaching,  the 
drainage  containing  but  a  trace  of  phosphoric  acid. 

(5)  One  inch  of  soil;  began  draining  in  ten  seconds;  finished 
draining  in  nine  minutes.  Recovered  4260  cc.  water  containing 
1.866  grams  P205  or  46.65  per  cent,  of  total  applied. 

(6)  One  inch  of  soil;  phosphate  covered  up  and  allowed  to 
stand  four  hours  before  irrigation.  Drainage  water  contained 
0.274  gram  of  P205  or  6.85  per  cdht.  of  total  applied. 

(7)  One  inch  of  soil;  phosphate  covered  up  and  allowed  to 
stand  over  night.  Drainage  contained  0.2928  gram  P20,  or  7.32 
per  cent,  of  total.  Same  after  standing  two  days  and  washing 
with  two  liters  of  water,  yield  0.033  gram  P205  or  0.82  per  cent  of 
total. 

Putting  these  results  in  tabulated  form  we  have : 
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Tablb  I. — Showing  the  Amount  of  Phosphoric  Acid  Held  by  the 

Soil,. 


Depth  of  •oil.        Black  soil. 
Inches.         when  irrigated. 


PiO» 
retained. 
Per  cent. 


Red  soil, 
when  irrigated; 


retained. 
Percent. 


6 
6 
6 
6 

3 

3 

3 
1 

1 

I 


Immediately 
After  fifteen  hours 


99-43 
100.00  •  •  •  • 

....  Immediately  97-22 

•  •  • .  After  fifteen  hours  99-66 
....  Immediately  91*25 

•  •  •  -  After  fifteen  hours  98.98 
....  Same  after  two  days  99-88 
....  Immediately  53-35 
....  After  four  hours  93.68 
. .  • .  After  fifteen  hours  99. 18 

Same  after  two  days         .... 

From  this  we  see  that  when  the  application  of  the  fertilizer  is 
followed  immediately  by  irrigation,  (1)  more  than  one-half  the 
phosphoric  acid  remains  in  the  first  inch  of  soil,  more  than  nine- 
tenths  in  three  inches,  and  practically  the  whole  within  six  inches 
of  the  surface;  (2)  when  an  interval  of  fifteen  hours  intervenes 
between  the  application  and  the  irrigation,  more  than  nine-tenths 
of  the  phosphoric  acid  is  retained  by  the  first  inch  of  soil  and 
practically  the  whole  by  the  first  three  inches.  These  conclusions 
are  rather  startling,  inasmuch  as  it  has  been  heretofore  believed 
that  water-soluble  phosphoric  acid,  when  applied  to  the  soil, 
becomes  pretty  well  distributed  throughout  the  first  eighteen 
inches  or  two  feet  of  the  soil  when  it  is  easily  accessible  to  the 
roots  of  the  plants.  This  bears  on  the  question  of  the  relative 
value  of  water-soluble  and  so-called  citrate-soluble  or  "available" 
phosphoric  acid.  At  the  various  experiment  stations  in  the 
United  States  the  same  or  very  nearly  the  same  valuation  is  put 
upon  the  two  forms.  Where  there  is  a  difference  it  is  rarely  more 
than  1  cent,  per  pound  in  favor  of  the  water-soluble.  Certainly  on 
Hawaiian  soils  where  the  phosphoric  acid  becomes  reverted  at  the 
surface,  or  very  near  the  surface,  the  two  forms  have  very  nearly 
the  same  value,  for  even  under  the  most  favorable  circumstances 
'the  water-soluble  phosphates  are  disseminated  throughout  the  soil 
but  sparingly.  On  the  other  hand,  in  cases  where  fertilizers  are 
applied  and  covered  up  a  few  hours  before  irrigation  practically 
all  of  the  phosphoric  acid  becomes  reverted  and  remains  near  the 
surface.  Also  on  plantations  depending  on  rainfall  where  the 
fertilizers  are  applied  and  covered  up,  water-soluble  and  reverted 
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phosphoric  acid  have  practically  the  same  value,  as  the  water- 
soluble  becomes  reverted  and  subsequent  rains  cannot  wash  it 
down  to  the  roots  of  the  plants,  nor  disseminate  it  throughout  the 
soil.  This  is  a  possible  explanation  of  a  fact  which  I  have  set 
forth  in  former  papers ;  namely,  that  phosphates  have  not  shown 
as  good  results  on  Hawaiian  soils  as  the  other  fertilizer*  ingredients 
— nitrogen  and  potash.  It  takes  considerable  cultivation  to  dis- 
seminate the  phosphates  throughout  the  soil,  and  although  they 
may  be  deficient,  yet  an  application  is  not  followed  by  the  immedi- 
ate results  that  the  planter  expects. 

Seeing  that  the  water-soluble  phosphoric  acid  is  taken  up  so 
readily,  a  further  experiment  was  made  to  determine  the  total 
capacity  of  the  soil  to  fix  phosphoric  acid.  800  grams  of  red  soil 
and  50  grams  of  double  superphosphate  containing  20.58  grams 
water-soluble  phosphoric  acid  were  thoroughly  mixed  together. 
This  mixture  was  kept  moist  to  promote  the  chemical  action,  and 
samples  were  withdrawn  from  time  to  time  to  estimate  the  water- 
soluble  acid. 

March  26th,  800  grams  soil  and  50  grams  double  superphos- 
phate mixed;  March  27th,  41.6  per  cent,  of  PsOs  had  become 
fixed ;  March  29th,  57.7  per  cent,  of  P203  had  become  fixed ;  April 
3rd,  73.0  per  cent,  of  P2Oa  had  become  fixed;  April  17th,  85.65 
per  cent,  of  P205  hatf  become  fixed. 

Or,  taking  3,500,000  pounds  as  the  weight  of  one  acre  of  soil  to 
the  depth  of  1  foot,  we  find  that  this  soil  absorbed : 

After  one  day  35,235  pounds  Pa05  per  acre  to  depth  of  1  foot; 
after  three  days  48,872  pounds  PsOB  per  acre  to  depth  of  1  foot; 
after  eight  days  61 431  pounds  P2Os  per  acre  to  depth  of  1  foot; 
after  twenty-two  days  72,545  pounds  P20§  per  acre  to  depth  of  1 
foot. 

This  latter  figure  would  represent  all  the  phosphoric  acid  in  i8f 
tons  of  acid  phosphate. 

These  astonishing  figures  lead  to  a  consideration  of  the  nature 
of  the  soils  experimented  with,  and  the  reason  for  the  rapid  and 
great  fixation  of  phosphoric  acid  by  Hawaiian  soils.  On  p.  99, 
et  seq.,  of  Maxwell's  "Lavas  and  Soils  of  the  Hawaiian  Islands*' 
will  be  found  a  comparison  of  Hawaiian  and  American  soils,  in 
which  it  is  shown  that  Hawaiian  soils  are  very  much  more  basic 
than  American  soils. 
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TABI.K  II. 

Basic  Acid 

constituents,  constituents. 

Soil*.  Per  cent.  Per  cent. 

Hawaiian 63.7 17  36458 

American 18.980  .  81.014 

Whereas  the  American  soils  from  which  these  figures  were 
drawn  contain  but  13.250  per  cent,  iron  and  aluminum  oxides,  the 
Hawaiian  soils  contain  59.24  per  cent. 

All  Hawaiian  soils  are  very  basic,  and  these  bases  are  probably 
in  a  condition  to  seize  at  once  the  phosphoric  acid  and  hold  it.  The 
American  soils  being  much  older  than  Hawaiian  soils  the  soluble 
bases  have  been  washed  out,  the  soils  are  less  basic  in  character, 
and  will  probably  hold  very  much  less  phosphoric  acid  than  the 
Hawaiian  soils.  Following  is  an  average  of  a  number  of  analyses 
of  dark  red  soils,  and  the  soil  from  the  Honolulu  plantation  would 
not  differ  very  materially  from  these  figures. 

Tabi.k  III.— Dark  Red  Soils. 

Per  cent. 

Insoluble  matter 37- 20 

Moisture 6. 16 

Combustible  matter 1 1.33 

TiO, 2.59 

PA 0.19 

SO, 0.31 

CO, o.  18 

CaO 0.34 

MgO 0.44 

Fe.0, 22.94 

AlfOa 16.84 

Mns04 0.42 

KfO 0.39 

Na,0 0.75 

IOO.OS 

4 
I 

With  soils  of  this  general  composition  it  would  be  strange  if 
their  absorptive  power  of  phosphoric  acid  were  not  great. 

Honolulu.  H.  I. 
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Within  the  past  few  years,  it  has  been  definitely  shown  that 
the  reaction  of  a  soil  exerts  a  marked  influence  on  its  crop-producing 
power.  While  the  reaction  affects  the  chemical  and  the  physical 
condition  of  the  soil  to  a  considerable  extent,  the  growth  of  plants 
is  more  directly  affected  by  the  action  of  the  acids  on  the  plant 
roots,  and  upon  the  micro-organisms  of  the  soil. 

The  importance  of  the  matter  has  led  to  the  elaboration  of 
several  methods  for  determining  the  amount  of  acids  in  soil,  but, 
owing  to  the  exceedingly  small  amount  usually  present  in  ordinary 
arable  soils,  the  influence  of  other  material,  and  the  constant 
changes  taking  place  in  the  soil,  none  of  these  methods  has  shown 
a  close  relation  between  crop  production  and  the  amount  of  acidity 
as  determined  by  any  of  the  methods.  Wheeler,  Hartwell,  and 
Sargent1  have  recently  made  a  critical  examination  of  the  methods 
which  have  been  proposed  for  this  purpose,  checking  the  chemical 
methods  by  field  experiments.  The  investigators  were  unable  to 
correlate  the  chemical  results  obtained  by  any  of  the  methods 
examined  with  the  field  results,  but  regarded  as  promising  the  ti- 
tration of  dilute  ammonia  which  had  been  in  contact  with  the  soil 
for  some  time,  and  also  a  method  based  on  the  evolution  and  esti- 
mation of  the  carbon  dioxide  freed  from  calcium  carbonate  by  the 
acid  soil  on  boiling  them  together  in  water. 

It  has  not  seemed  advisable  to  the  writer  to  give  more  study  to 
either  of  these  methods,  because  any  solution  placed  in  contact 
with  a  soil,  no  matter  whether  acid  or  alkaline,  will  be  decreased 
in  strength  through  adsorption  or  physical  reaction  between  the 
solution  and  the  soil ;  and  we  have  no  certain  means  of  measuring 
the  amount  thus  adsorbed.  Further,  owing  to  the  deflocculating 
power  of  ammonia,  it  is  practically  impossible  to  get  even  an 
approximately  clear  filtrate  or  supernatant  liquid,  and  the  amount 
of  acid  as  determined  is  more  or  less  affected  bv  this  fact.  With 
regard  to  the  evolution  and  estimation  of  carbon  dioxide,  the 

1  This  Journal,  ajf  153. 
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evolution  continues  indefinitely,  and  whether  it  is  due  to  reaction 
between  the  soil  and  the  carbonate  or  to  the  oxidation  of  the 
organic  matter  of  the  soil  is  not  definitely  known,  though  it  is 
probable  that  it  is  more  largely  due  to  the  first-mentioned  reaction. 

After  a  great  deal  of  experimenting  the  writer  has  devised  a 
method  in  which  lime-water  is  used  to  neutralize  the  acid  material 
in  the  soil.  The  method  is  based  on  the  fact  that  the  small  excess 
of  lime-water  present,  after  the  neutralization  of  the  acid  material, 
is  converted  into  carbonates  and  bicarbonates,  the  boiling  solution 
of  which  gives  an  alkaline  reaction  with  phenolphthalein. 

No  effort  has  been  made  to  secure  great  refinement  or  close 
duplication  of  results,  because  the  problem  is  a  practical  one  in 
which  the  application  of  several  hundred  pounds  of  lime,  more  or 
less,  per  acre  has  but  little  economic  or  agricultural  significance. 
It  may  be  said,  however,  that  the  writer  has  reason  to  believe  that 
the  method  will  give  duplicate  results  accurate  to  one  hundred 
pounds  of  lime  per  acre  foot  of  3.500,000  pounds.  The  method 
is  as  follows :  • 

For  the  preliminary  test,  to  three  portions  of  10  grams  each  of 
the  soil  in  platinum  dishes  add  50  to  60  cc.  of  distilled  water,  and 
different  amounts  of  standard  lime-water.  For  example,  to  the  first 
10  cc,  to  the  second  20  cc,  and  to  the  third  30  ccof  lime-water  are 
added.  Dry  down  at  once  on  the  steam-bath,  transfer  to  a  stop- 
pered Jena  flask  with  100  cc.  of  distilled  water,  allow  to  stand  over 
night,  with  occasional  shaking,  filter  (the  filtrate  should  be  clear 
or  but  faintly  turbid),  take  50  cc.  in  a  Jena  beaker,  add  a  few  drops 
of  phenolphthalein  solution,  and  boil  until  the  appearance  of  the 
pink  color,  or  in  the  case  where  no  color  is  developed  to  a  volume 
of  about  5  cc.  Then  with  the  two  portions  of  treated  soil,  one  of 
which  has  been  rendered  alkaline  by  the  added  lime-water  and  the 
other  of  which  is  still  acid,  as  guides,  prepare  three  fresh  portions 
of  10  grams  each,  and  add  lime-water  as  before,  except  that  the 
amount  added  to  a  dish  differs  from  that  added  to  another,  by  only 
one  or  two  cc.  Dry,  allow  to  stand,  filter,  and  treat  exactly  as 
before ;  the  smallest  amount  of  lime-wat.er  which  gives  the  char- 
acteristic pink  with  phenolphthalein  is  taken  as  the  acidity  equiva- 
lent of  the  soil.  From  the  data  thus  obtained,  the  acidity  and  lime 
requirements  of  the  soil  may  be  calculated. 
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The  results  which  have  been  obtained  with  this  method  are 
given  in  Table  I.  The  amount  of  lime  (CaO)  required  to  neu- 
tralize the  acids  in  an  acre  foot  of  3,500,000  pounds  is  also  in- 
cluded. 1  cc.  of  calcium  hydroxide  to  10  grams  of  soil  is  approx- 
imately 450  pounds  of  lime  per  acre. 

Table  I. 

50  cc.  filtrate  boiled. 

, * »  Lime  (CtO) 

Acid          Alkaline  required  per 

with  cc.         with  cc.  mere  foot  of 

Ca(OH)-.       Ca(OH)s.  3,500.000  pounds. 

No.  1  Summit,  R.I 20               25  1 1,25c 

No.  2  Jamestown,  R.  1 8  3,600 

No.  3  Harrisville,  R.  1 10                15  6,750 

No.  4  Poster  Center,  R.  I 25               32  14.300 

No.  5  Niantic,  R.I 6                 8  3,600 

No.  6  South  Portsmouth,  R.  1 30               35  15,75° 

No.  7  Hamilton,  R.  1 17               18  8,100 

No.  8  Slocutnville,  R.I 54               56  25,200 

C      Coarse  sand  used  in  greenhouse- .     3                 4  1,800 

No.  1  A.  O.  A.  C.  sample  1900 9            ll°  4,500 

No.  3  A.  O.  A.  C.  sample  1900 . .  50            l&  22,500 

No.  4  A.  O.  A.  C.  sample  1900 1  450 

No.  3  A.  O.  A.  C.  sample  1901 8                 9  4,050 

No.  4  A.  O.  A.  C.  sample  1901 1                  2  900 

No.  5  A.  O.  A.  C.  sample  190 1 1                  2  900 

5118    Leonard  town  loani,  Md 4             f    ^  2,250 

5127    Leouardtown  loam,  Md 8               10  4,500 

51 1 2    Norfolk  loam,  Md 4                 5  2,250 

5131    Norfolk  sand,  Md 01  450 

4244    Conowingo  Barrens,  Md 4                 5  2,250 

3624    Fine  sandy  soil,  Pla.  (much  or- 
ganic matter) 7                 8  3,6oo 

A     Gabbro  soil,  Md 10            «  J*  5,400 

t  12  *" 

O      Lime    Expt.  plot,   Md.   Station, 

60  bushels  per  acre ....     1                 2  900 

B     Lime  Expt.  plot,  Md.  Station,  no-   „  /   6 

lime......... 5             {   6  3,i5o 

f    2 

D     Md.  phosphoric  acid  plots 1             %  900 

The  samples  from  Rhode  Island  Nos.  I  to  8  are  samples  kindly 
furnished  by  Dr.  Wheeler,  and  are  the  same  upon  which  he 
worked  in  the  investigation  previously  referred  to.     Owing  to  the 
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scarcity  of  material,  closer  readings  than  those  given  in  the  table 
could  not  be  made,  on  these  samples;  but  the  readings  made  on 
other  samples  show  that  much  closer  readings  could  probably  have 
been  made  here. 

A  summary  of  Wheeler's  results  on  these  soils,  field  and  labora- 
tory, is  given  in  Table  II.  To  this  has  been  added  the  results 
obtained  by  the  lime-water  meth5d  on  these  same  samples  by  the 
writer.  For  a  more  satisfactory  comparison,  the  lime-water  re- 
sults have  been  calculated  to  their  nitrogen  equivalents,  and  the 
acidity  of  the  samples  as  expressed  in  pounds  of  lime  (CaO)  per 
acre  foot  of  3,500,000  pounds  has  been  included. 

These  results,  while  somewhat  unsatisfactory,  are  not  so  sur- 
prising when  we  consider  the  different  soils  and  the  number  of 
factors  involved  in  plant  production  which  are  influenced  and 
modified  by  the  addition  of  lime  to  a  soil,  even  though  that  soil 
may  be  liberally  supplied  with  available  plant  food.  It  is  of 
interest  to  note  that  soils  ,Nos.  6,  8  and  9  produced  such  large 
crops  of  beets  after  liming,  although  the  soils  still  remained  very 
acid.  In  other  words,  after  liming,  beets  were  not  as  sensitive 
apparently  to  an  acidity  equivalent  to  20,000  pounds  of  lime  per 
acre  as  they  were  to  half  this  amount  on  unlimed,  but  different 
soils,  a  fact  which  possibly  indicates  that  the  toxic  effect  of  acids  is 
not  so  great  in  the  presence  of  large  quantities  of  soluble  lime- 
salts.1  This  fact  is  highly  important  practically  and  may  explain 
why  small  applications  of  lime  are  often  as  beneficial  as  large.  It 
may  also  explain  why  slightly  acid  soil  will  often  produce  certain 
crops,  clover,  for  instance,  which  will  not  grow  on  other  soils 
which  are  even  less  acid. 

It  is  also  interesting  to  note  that  the  relative  acidity  of  these 
soils  is  the  same,  whether  determined  by  treatment  with  ammonia, 
as  was  done  by  Wheeler,  or  by  treatment  with  lime-water,  as  was 
done  in  this  laboratory. 

Perhaps  the  most  striking  point  brought  out  in  the  table  is  the 
apparent  relation  of  alkali  neutralized  by  the  soil  to  the  total 
humus  of  the  soil.  While  this  relation  does  not  seem  to  be  ex- 
ceedingly close,  it  is  clearly  apparent  and  is  very  suggestive  in 
lending  support  to  the  hypothesis  that  the  acidity  of  soil  is  gener- 

1  Vide  Ninth  Annual  Report  R.  I.  Kxpt.  Station  p.  309 ;  also  Report  71,  Bureau  of  Soils, 
V.  8-  Dept.  of  Agriculture. 
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ally  due  to  organic  acids.  In  studying  these  figures,  the  fact 
should  be  borne  in  mind  that  neither  the  methods  of  determining 
acidity  nor  total  humus  are  very  exact,  and  there  may  be  errors  in 
these  various  determinations,  which,  if  eliminated,  would  make 
the  1  elation  pointed  out  much  more  striking. 

As  with  all  other  chemical  methods  used  in  soil  work,  the 
method  must  not  only  give  accurate  results,  but  these  results  must 
have  an  agricultural  significance.  Let  us  see  how  well  the  pro- 
posed method  satisfies  the  conditions. 

The  development  of  the  pink  color  with  phenolphthalein  in  the 
boiled  aqueous  extract  of  a  soil  is  doubtless  only  a  question  of  the 
volume  of  extract  which  is  boiled  down ;  even  very  acid  soils  will, 
on  long-continued  treatment  with  much  water,  yield  an  extract 
which,  on  concentration,  will  give  an  alkaline  reaction  with  this 
indicator.  A  great  number  of  determinations  made  in  this  labora- 
tory shows  that  a  soil  which  gives  an  alkaline  reaction  with  litmus 
paper  also  gives  an  aqueous  extract  which  is  alkaline  to  phenol- 
phthalein when  treated  with  water  in  the  proportion  of  1 :  10,  and 
50  cc.  of  the  extract  is  boiled.  Numerous  determinations  of  the 
reaction  of  soils,  from  all  over  the  country  indicate  very  strongly 
that  those  soils  which  are  alkaline  to  litmus  and  to  phenolphthalein 
under  the  conditions  above  described  are  always  more  productive 
soils  than  contiguous  soils  which  are  acid  to  these  indicators. 

• 

These  are  the  reasons  why  the  proportion  of  soil  to  water,  and 
the  amount  of  filtrate  to  be  boiled,  as  given  above,  were  adopted. 

As  has  been  said,  we  have  no  method  by  which  we  can  deter- 
mine how  much  of  the  lime  taken  up  by  the  soil  is  actually  neu- 
tralized by  the  acid  material  of  the  soil,  and  how  much  is  simply 
adsorbed  and  held  physically  by  the  soil  in  such  a  manner  that  it 
does  not  pass  into  solution.  This  is  the  chief  difficulty  inherent 
in  any  titration  method  for  determining  soil  acidity.  Plus  errors 
are  thus  introduced,  and  the  acidity  of  a  soil  appears  greater  than 
it  actually  is.  Experiments,  in  which  soils  of  different  nature 
were  treated  with  known  amounts  of  dilute  ammonia  (N/20), 
soda  (N/50),  and  lime-water  (N/20),  and  aliquot  portions  of 
the  filtrate  titrated  both  directly  with  acid,  and  also  by  adding  an 
excess  of  acid  and  titrating  back,  showed  in  every  instance  that  the 
amount  of  adsorbed  alkali  was  greater  than  by  the  lime-water 
method.    The  figures  in  Table  II  show  the  same  thing. 
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Theoretically,  there  is  every  reason  to  believe  that  adsorption  is 
less  under  the  conditions  obtained  in  the  lime-water  method  than 
in  the  titration  methods,  for,  as  we  know,  adsorption  is  actually 
greater  from  the  more  concentrated  solution,  and  in  the  titration 
methods  we  must  always  expect  to  have  more  alkali  present  than 
is  sufficient  to  neutralize  the  acid  material  of  the  soil,  and  to 
satisfy  the  soil's  adsorptive  power  in  the  presence  of  such  excess 
of  alkali. 

In  the  method  above  outlined,  the  amount  of  alkali  which  must 
be  present  is  enough  to  neutralize  the  acid  material  plus  a  little 
more  than  the  soil  is  able  to  hold  against  the  solvent  power  of 
partially  carbonated  water.  That  this  is  so  seems  quite  clear,  and 
is  strongly  supported  by  the  results  in  Table  II,  from  which  we 
see  that  in  every  case  the  lime  equivalent  to  nitrogen  retained  by 
the  soil,  is  much  less  by  the  lime-water  than  by  the  ammonia-water 
method.  The  differences  are  much  too  large  and  regular  to  be 
accounted  for  either  by  errors  or  by  differences  due  to  neutraliza- 
tion of  the  acid  material  of  the  soil.  Another  point :  It  is  more 
than  likely  that  considerable  reaction  takes  place  between  the  non- 
acid  material  of  the  soil  and  ammonia,  even  in  the  cold.  If  there 
is  any  reaction  between  the  lime-water  and  the  material,  it  is 
reasonable  to  think  that  it  is  much  less,  because  the  very  small 
excess  of  lime-water  is  immediatelv  converted  into  carbonate  and 
bicarbonate,  as  shown  by  the  behavior  toward  phenolphthaldn. 
Nevertheless  we  must  regard  all  these  methods  as  likely  to  give 
high  results,  owing  to  the  probable  combination  of  the  alkalies 
with  some  silica  and  silica  compounds,  both  reactions  introducing 
plus  errors.  The  smallest  difference  between  the  two  methods 
occurs  on  No.  5,  which  is  visibly  a  coarse  sandy  soil,  and  upon 
which  adsorption  would  be  expected  to  be  at  a  minimum. 

Reference  has  been  made  to  the  fact  that  Wheeler  regarded  as 
particularly  promising  a  method  based  on  the  evolution  of  carbon 
dioxide  from  a  mixture  of  soil  and  calcium  carbonate  in  boiling 
water.  He  found  that  after  boiling  such  a  mixture  (40  grams  of 
soil  and  4  grams  of  calcium  carbonate)  until  apparently  the  evolu- 
tion had  become  constant  and  hence  the  evolution  of  car- 
bon dioxide  set  free  bv  the  acid  material  in  the  soil  had 
ceased,  that  two  more  boilings  of  the  same  mixture  yielded  0.016 
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and  0048  gram  of  carbon  dioxide.  These  results  indicate  the  de- 
composition of  calcium  carbonate  equal  to  20.8  and  16.6  mg.  of 
lime  to  40  grams  of  soil.  These  figures  are  equal  to  4.4  and  3.4 
cc.  of  lime-water  to  10  grams  of  soil.  From  this  it  would  appear 
that  the  possible  errors  would  be  greater  by  this  method  than  by 
the  lime-water  method. 

As  has  been  pointed  out,  in  all  these  methods  the  possible  com- 
bination of  the  lime  with  silica  and  other  inorganic  soil  constitu- 
ents, without  the  release  of  an  equivalent  of  some  other  base,  is  a 
source  of  error  which  increases  the  actual  acidity  of  the  soil.  Any 
difference  in  the  methods  in  this  particular  would  probably  be  in 
favor  of  the  lime-water  method.  As  a  matter  of  fact,  the  adsorp- 
tion of  the  added  alkali  appears  to  introduce  no  error  greater  than 
the  working  limits  of  the  method,  a  fact  which  was  shown  by 
determining  the  acidity  of  two  soils  in  natural  condition,  and  also 
after  they  had  been  powdered.  On  the  other  hand,  adsorption 
phenomena  certainly  vitiates  the  results  by  those  methods  based 
on  the  titration  of  an  aqueous  extract  of  the  soil  or  of  an  alkali 
which  has  been  in  contact  with  the  soil.  Nor  does  it  seem  prob- 
able that  the  water-insoluble  material  of  an  acid  nature  produces 
an  appreciable  error  in  the  method,  there  being  every  reason  to 
suppose  that  these  materials  will  be  neutralized  by  the  lime. 
Further,  it  is  believed  that  under  the  conditions  of  the  method, 
the  results  are  not  complicated  by  the  reaction  of  free  carbonic 
acid  or  by  bicarbonates.1  Viewed  in  any  light,  this  method  or  any 
method  based  on  the  use  of  lime-water  or  lime  carbonate  as  the 
neutralizing  agent,  must  appear  to  one  as  being  along  the  right 
line,  imitating  as  it  does  actual  field  conditions. 

Analytically  considered,  the  method  appears  to  be  sufficiently 
reliable  for  practical  purposes,  and  appears  to  be  the  best  now 
available  for  the  end  in  view. 

Agriculturally  considered,  we  have  no  positive  direct  data 
showing  that  the  acidity  of  a  soil  as  determined  by  analytical 
methods  has  a  definite  ratio  to  the  crop  production  of  that  soil. 
The  fact  that  those  soils  which  are  universally  regarded  as  fertile, 
have  an  alkaline  reaction  to  litmus  paper  and  to  phenolphthalein, 
when  their  aqueous  extracts  are  boiled,  as  in  the  previously  de- 

»  The  data  upon  which  this  view  is  based  will  be  given  in  foil  in  a  publication  soon  to 
appear  from  the  Bureau  of  Soils.  U.  S.  Dept.  of  Agriculture. 
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scribed  method,  furnishes  strong  evidence  as  to  the  agricultural 
significance  of  the  results  thus  obtained,  but  so  far  no  one  has 
been  able  to  show  a  close  agreement  between  crop  yields  and  the 
lime  requirements  of  soil  as  determined  by  laboratory  methods. 

BumsAU  of  Soils,  Dspajltkbnt  of  aokicul- 
tu&b,  Washington,  D.  C. 
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Received  August  ti.  190a. 

Hess  and  Prescott,  in  papars  published  in  this  Journal,1  have 
discussed  the  adulteration  of  vanilla  extract  and  have  described 
methods  devised  by  them  for  the  separation  and  determination  of 
vanillin  and  coumarin,  for  the  distinction  of  genuine  from  artificial 
extracts,  and  for  the  detection  of  artificial  coloring-matter,  all  of 
which  methods,  with  slight  changes,  are  included  among  the 
"Provisional  Methods  for  the  Analysis  of  Foods",  adopted  by  the 
Association  of  Official  Agricultural  Chemists.1 

Preliminary  to  the  examination  of  commercial  extracts,  under 
the  Connecticut  pure  food  law,  we  have  subjected  these  methods 
to  a  critical  investigation,  the  results  of  which,  while  substantiating 
in  the  main  the  accuracy  of  the  methods,  suggested  certain  modifi- 
cations. The  Hess  and  Prescott  method  for  determination  of 
vanillin  and  coumarin  was  found  to  be  thoroughly  reliable  but 
susceptible  of  abridgment  without  diminishing  its  accuracy. 

The  methods  as  finally  amended  were  employed  in  the  analysis 
of  five  extracts  made  in  the  laboratory  and  sixty-two  commercial 
extracts.* 

METHODS  OP  ANALYSIS. 

Determination  of  Vanillin  and  Coufnaritu  Modified  Hess  and 
Prescott  Method. — The  modified  method  differs  from  the  original 
method  in  three  details : 

First.  Two  per  cent,  instead  of  10  per  cent,  ammonia  is  used, 
and  consequently  a  less  concentrated  ammonium  chloride  solution 
is  obtained  after  neutralizing  with  hydrochloric  acid,  thus  reduc- 
ing the  chance  of  carrying  this  salt  into  the  extract. 

1  Vol.  91 ,  356, 7». 

*  Bulletin  65,  U.  8.  Dept.  Agr.t  Bureau  of  ChemM  pp.  69-71. 

*  Conn.  Agr.  Bxpt.  St*    **.^p.  1901.  pp.  152-161. 
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Second.  A  greater  bulk  of  ammonia  is  used,  to  diminish  the 
error  due  to  possible  mechanical  loss  during  shaking. 

Third.  The  vanillin  and  coumarin  are  weighed  after  evapora- 
tion of  the  ether  solutions,  whereas  in  the  original  process  they  are 
not  weighed  until  they  have  been  redissolved  in  petroleum  ether 
and  again  evaporated.  This  procedure  not  only  materially 
shortens  the  process,  but  avoids  the  errors  due  to  crawling  of  the 
solutions  while  redissolving  and  reevaporating.  Any  matter  in- 
soluble in  the  petroleum  solvent  is  afterwards  weighed  with  the 
dish  and  a  correction  introduced,  but  if  care  is  exercised  in  the 
separation,  this  residue  is  insignificant.  The  evaporation  of  the 
petroleum  extract  is,  however,  necessary  if  melting-points  are  to 
be  determined,  but  this  evaporation  can  go  on  at  leisure  after 
obtaining  the  quantitative  results. 

A  full  description  of  the  method  follows : 

Dealcoholize  25  grams  of  the  extract  in  an  evaporating  dish 
upon  a  water-bath,  at  a  temperature  of  about  8o°  C,  adding  water 
from  time  to  time  to  retain  the  original  volume.  After  removal 
of  the  alcohol,  add  normal  lead  acetate  solution,  drop  by  drop,  until 
no  more  precipitate  forms.  Stir  with  a  glass  rod  to  facilitate 
flocculation  of  the  precipitate,  filter  through  a  moistened  filter,  and 
wash  three  times  with  a  few  cubic  centimeters  of  hot  water.  Cool 
the  filtrate  and  extract  with  ether  by  shaking  out  in  a  separatory 
funnel.  Use  15  to  20  cc.  of  ether  at  each  separation,  repeating  the 
process  three  or  four  times,  or  until  a  few  drops  of  the  ether, 
evaporated  upon  a  watch-glass,  leave  no  residue.  Place  the  com- 
bined ether  extracts  containing  all  of  the  vanillin  and  coumarin 
in  a  clean  separatory  funnel,  and  shake  out  four  or  five  times  with 
2  per  cent,  ammonia,  using  10  cc.  for  the  first  shaking,  and  5  cc. 
for  each  subsequent  shaking. 

Set  aside  the  combined  ammoniacal  solutions  for  the  determina- 
tion of  vanillin. 

Wash  the  ether  solution  into  a  weighed  dish,  and  allow  the  ether 
to  evaporate  at  the  room  temperature.  Dry  in  a  desiccator  and 
weigh.  Usually  the  dried  residue  is  pure  coumarin.  Treat  the 
residue  with  5  to  10  cc.  of  cold  petroleum  ether,  boiling  between 
30°  and  400  C.  and  decant  off  the  clear  liquid  into  a  beaker.  Re- 
peat the  extraction  with  petroleum  ether  until  a  drop,  evaporated 
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on  a  watch-glass,  leaves  no  residue.  Dry  the  dish  for  a  few 
moments  in  a  water-oven,  cool  and  weigh.  Subtract  the  weight 
of  the  dish  and  the  residue  (if  any)  from  the  weight  previously 
obtained  after  evaporation  with  ether,  thus  obtaining  the  weight 
of  pure  coumarin.  Allow  the  petroleum  ether  to  evaporate  at  the 
room  temperature,  and  dry,  if  necessary,  in  a  desiccator.  The 
residue  should  be  crystalline  and  have  a  melting-point  of  670  C. 
This,  with  the  characteristic  odor  of  coumarin,  is  sufficient  for  its 
identification. 

Slightly  acidulate  the  ammoniacal  solution  reserved  for  vanillin 
with  10  per  cent,  hydrochloric  acid.  Cool  and  shake  out  in  a 
separatory  funnel  with  four  portions  of  ether  as  described  for 
ether  extraction.  Evaporate  the  ether  at  room  temperature  in  a 
weighed  platinum  dish,  dry  over  sulphuric  acid,  and  weigh.  Treat 
the  residue  with  boiling  ligroin  (boiling-point,  8o°  to  85 °  C), 
decanting  into  a  dry  beaker.  Repeat  the  treatment  until  all 
vanillin  is  removed.  Dry  the  dish  with  residue  (if  any)  for  a  few 
moments  at  ioo°  C.  and  weigh.  Subtract  the  weight  from  the 
weight  previously  obtained-  after  evaporating  the  ether.  The 
difference  is  the  weight  of  vanillin.  Evaporate  the  ligroin  at 
room  temperature  and  dry  in  a  desiccator.  The  residue  should  be 
crystalline,  have  a  melting-point  of  8o°  to  81  °  C.  and  have  the 
characteristic  odor  and  crystalline  form  of  vanillin. 

Hess  and  Prescott,1  as  a  test  of  their  process,  determined 
vanillin  and  coumarin  in  two  25-gram  portions  of  vanilla  extract 
U.  S.  P.,  to  each  of  which  had  been  added  0.5  gram  of  pure  cou- 
marin. The  following  are  their  results:  Vanillin  (I),  0.3081 
gram;  (II),  0.2997  gram.*  Coumarin  (I),  04910  gram;  (II), 
0.4820  gram.  These  figures  illustrate  the  accuracy  of  the  process 
for  determination  of  coumarin,  but  throw  no  light  on  its  value  for 
determination  of  vanillin,  as  the  amount  present  was  unknown. 

As  a  further  test  of  the  Hess  and  Prescott  method,  we  have 
made  determinations  in  25-gram  portions  of  a  solution  containing 
the  same  amount  of  sugar  and  alcohol  as  vanilla  extract  U.  S.  P., 
to  which  weighed  quantities  of  pure  vanillin  and  coumarin  had 
been  added,  proceeding  as  follows : 

1  This  Journal,  ai,  256. 

*  Owing  probably  to  a  typographical  error,  these  amounts  are  about  ten  times  what  ait 
usually  present. 
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Method  A.  The  original  Hess  and  Prescott  method,  using 
ether  in  all  extractions  and  10  per  cent,  ammonia  for  separation 
of  vanillin  and  coumarin. 

Method  B.  Same  as  A,  except  that  chloroform  was  substituted 
in  all  cases  for  ether. 

Method  C.  Same  as  A,  except  that  chloroform  was  used  in  the 
extraction  of  vanillin  from  the  ammonia  extract. 

Method  D.  The  modified  method  used  by  us,  a£  already  de- 
scribed. 

In  each  case  the  separated  vanillin  and  coumarin  was  weighed 
after  the  evaporation  of  the  ether  or  chloroform  (first  evapora- 
tion), and  only  in  a  few  instances  was  it  reweighed  after  dissolv- 
ing in  the  petroleum  solvent  and  reevaporating  (second  evapora- 
tion) .    The  results  follow : 

Rjcsults  Obtained  by  Various  Modifications  of  Hess  and  Prescott's 
Method,  on  Mixtures  Containing  Known  Quantities 

of  Vanillin  and  Coumarin. 
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O.0120 
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0.0585 


0.0855 

0.0751 

0.0740 

0.0170 

0.0160 

0.0162 

0.0875 

0.0800 

0.0786 

0.0875 

0.0796 

0.0875 

0.0803 

0.0795 

0.0125 

0.0125 

0.0125 

0.0124 

0.0125 

O.OI22 

From  these  figures  it  is  evident  that  the  process,  both  as  origi- 
nally described  and  as  abbreviated  by  us,  gives  remarkably  accu- 
rate results  for  vanillin  and  sufficiently  accurate  results  for  cou- 
marin. 

Where  the  amount  of  coumarin  was  large,  there  was  an  unac- 
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countable  deficiency  of  this  substance,  but  for  the  amounts  present 
in  extracts,  which,  in  our  experience,  has  not  exceeded  0.0600 
gram  per  25  grams  of  extract,  the  method  is  all  that  could  be  de- 
sired. The  melting-points  of  the  coumarin  and  vanillin  in  all 
cases  were  close  to  the  theory. 

Without  doubt,  this  excellent  method  is  in  all  points  the  best 
that  has  yet  been  devised. 

Tests  for  Caramel,  Coal-tar  Dyes,  etc. — Valuable  indications  of 
the  nature  of  an  extract  are  obtained  in  the  process  of  determina- 
tion of  vanillin  and  coumarin.  Pure  extracts  of  vanilla  beans 
give,  with  lead  acetate,  a  bulky,  more  or  less  glutinous,  brown- 
gray  precipitate,  and  a  yellow  or  straw-colored  filtrate,  whereas 
purely  artificial  extracts  colored  with  caramel  give  a  slight,  dark 
brown  precipitate  and  a  dark  brown  filtrate.  If  both  vanilla  bean 
extract  and  caramel  are  present,  the  precipitate  is  more  or  less 
bulky  and  dark-colored,  and  the  filtrate  is  more  or  less  brown. 
The  solution  remaining  after  extraction  of  the  vanillin  and 
coumarin  with  ether,  if  dark-colored,  should  be  tested  both  for 
caramel  and  coal-tar  colors. 

In  our  experience  the  most  satisfactory  test  for  caramel  is  to 
shake  with  fullers'  earth  as  recommended  by  Crampton  and 
Simons.1  If  the  color  is  due  to  caramel  and  a  grade  of  fullers' 
earth  is  used,  which  experience  has  proved  suitable,  the  solution, 
after  filtering,  is  yellow  or  colorless.  This  test  does  not  positively 
identify  the  color,  as  some  other  brown  substances  may  give 
similar  reactions,  but  no  such  substance  is  liable  to  be  present  in 
vanilla  extract. 

Amthor's  test8  for  caramel  has  not  given  in  our  hands  decisive 
results,  and  Hess'  test,*  owing  to  the  formation  of  caramel  from 
the  sugar  of  the  extract  during  the  heating  with  acid,  has  given 
reactions  in  extracts  known  to  contain  none  whatever  of  this  sub- 
stance. 

Coal-tar  dyes  may  be  tested  for  by  Arata's  method.4 

Determination  of  Total  Residue.— Intro&uct  into  a  flat-bottomed 
aluminum  dish  10  grams  of  ignited  sand  and  a  short  stirring-rod, 

1  This  Journal,  ai,  355 ;  aa,  810. 
'  ZUchr.  anal.  Ckcm.,  94,  30. 

*  This  Journal,  ai,  7*1 . 

•  Ibid.,  as,  58a. 
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and  weigh.  Add  5  grams  of  extract  and  heat  on  a  boiling  water- 
bath,  with  constant  stirring,  until  the  bulk  of  the  water  is  removed. 
Dry  in  a  water-oven  until  the  loss  sustained  in  one  hour  is  less 
than  2  mg. 

The  "total  residue"  not  only  includes  the  total  solids,  but  also 
glycerin  which  is  often  present  in  such  amount  that  the  residue 
appears  moist  after  drying.  Owing  to  the  slow  evaporation  of 
this  substance,  absolutely  constant  weight  can  not  be  secured  but 
the  loss  is  so  gradual  that  the  above  method  is  usually  sufficiently 
accurate. 

Determination  of  Alcohol. — Dilute  25  grams  to  150  cc.  and 
distil  into  a  100  cc.  pycnometer.  Determine  the  specific  gravity  of 
the  distillate  at  15.50  C.  and  calculate  the  percentage  by  weight. 

Determination  of  Cane-Sugar.  Detection  of  Glucose. — Dissolve 
13.024  grams  (one-half  the  normal  weight)  of  the  material  in 
about  80  cc.  of  water.  Add  3  cc.  of  basic  lead  acetate  and  2  cc.  of 
alumina  cream,  make  the  volume  up  to  100  cc.  and  filter  through  a 
dry  filter.  Determine  the  rotatory  power  of  the  solution  in  a  200 
mm.  tube.  To  50  cc.  of  the  filtrate  referred  to  above,  add  5  cc. 
concentrated  chemically  pure  hydrochloric  acid.  After  thorough 
mixing,  place  in  a  cold  water-bath  and  heat  quickly  to  68°  C. 
After  standing  at  that  temperature  for  ten  minutes,  cool  quickly, 
filter  from  lead  chloride,  if  necessary,  and  examine  in  a  220  mm. 
tube,  first  at  the  room  temperature  and  finally  at  86°  C. 

Estimate  the  percentage  of  cane-sugar  by  Clerget's  formula. 
A  considerable  plus  reading  at  86°  shows  the  presence  of  glucose. 

Determination  of  Glycerin. — Determine  in  5  grams  of  the  ex- 
tract as  directed  for  sweet  wines.1 

ANALYSES  OF  GENUINE  AND  ARTIFICIAL  VANILLA   EXTRACTS. 

Five  extracts  were  made  in  the  Station  laboratory,  from  differ- 
ent grades  of  beans,  after  the  U.  S.  P.  formula. 

An  extract  of  tonka  beans  was  also  prepared  in  the  laboratory 
in  the  same  manner  as  the  vanilla  extracts,  substituting,  however, 
tonka  beans  for  vanilla  beans. 

Analyses  of  these  extracts  and  of  fourteen  representative  com- 
mercial extracts,  both  pure  and  adulterated,  are  given  in  the  table : 

1  Boiffmann:  Anleitunf  sur  Chem.  Analyse  des  Weines,  a  Auf.,  p.  50.  U.  S.  Dept.  of  Agr. 
IMt.  of  Chem.,  Bull.  46,  Revised  ed.,  p.  63. 


"34 


A.  L.  WINTON  AND  M.  SILVERMAN. 


12 

SnuoTOD  3  =    -    •    -    - 

a 


08  ~ 

"C  g 

'E  £   m 

5  C 


o8  — 

as  a 


•c 

oj 


2 
-  3 

C 


•O    fO    CO    CO    tO  ^-    «     CI     «     «J  m     **        J    Tf    **     «)  «- 


8  S'&ft 

o  o  *>  2 


uvSns      o    O    O    w  tf>    •    ~  £  to  oo  v£    ©\  5  *«>  t>.  O    P    m  *b 
^3HB0  UBU3       t*»  <T»  O    t*»  r*»    •   vo  00    «  CI  vc    o  <t*  »o  oo  >o    t>.  •»    « 


> 

o  *■  w  -S 

to  »0  >0   m 

m  •  •      *• 

M    IO  fO-2 


'nudoXio  ooooo    *»t^ioooo^-o8^o8oo8o 

OOOOO         OOO^OOCnOqoOoOOOO 


o 


*j«8n«-daB0 


< 

M 

«< 

;> 

o 

CO 

M 
CO 

;* 

-< 
< 


&88°r8  :sft8sS585?5■R(8^8o^g^^88 

•      ••••#       ■•  •••*•»•••■••• 

O\O\O\Q0     .    OO^ioOOOOchOOi-iC*m-^ 


v8  2  8  2  R  :  £  3,1?  RS  8  8  "S  2  S3  8* 

C*     CI     CI     W     CI  C4^mmM  m     M     M     m     *•     M     <#• 


^-  0 

•       —•        * 

m    «    ro 


3 


'auBjnnoo  OOOQO^SooooO-SJo^-SS 

do'dodddo'dd  d  d  d  d  d  c>  d  d  d 


•aitliaBA  ^    9    3    x   2    X-     •   ~   "   5   " !   "     •    °-   ~   ~    "   ?°. 
OOOOOOOOOOOOOOOOOOO 


*0  73  "O  *0  *U 


0    -    O  c 

d  d  d  "5 

0 

o  *■  o 

•  •  • 

O    O   c 


«0 

c 
fit 


g* 


to  (0 

c  c 

s  n 

3  8 

H  * 

CO  co 

•  ■ 

P  P 


G 
ao     co 

-I 

3    § 
CO  « 

^  (^ 

CO  CO 

•  .  • 

p  p 


S     fl     3     3    5 


•8 

C 

o 


3  = 


06     09  06 

rz  -C  ^ 

c  c 

*  3 

.p.  ^ 

O  O 

c  s 


as • 

*"      *••      -±-»      *rf      4->      -4-*      4^ 

^3  y  y  p  u  o  o 


3 
O 


CW       «•»       TO       GB       08 
fc.      H     U      U     C     U 


3      4>*      ♦*      4-*      «*      «rf      ** 

O    ><    M    X    M    M    K 

<n     O     V    V    V    V    V 


s  « 


o   c»   o   v   o  y 
a3    oo    ed    ob    as    i 

u    u    S    *-    C    u 


4^      •*<     •*>*     -*->     ** 

o    U    y    «    w 


CO     0J     w     w     w     u 

_     ♦*     4^     <*rf     *J 


^  CO 

CO  CO 

■  • 

P  P 


4/ 


X     M 


u 

In 
S 

s 

o 


eS 

•c 

u 
4> 

s 

a 
c 


CO     CO 

'S'S 

S  E 

£  i 

o  o 


2  "3 

g  i 

K  § 


31 

S    3 


08  08 

5  E 

8  S 

o  o 

S  & 


00    09 

'8  'S 

a 
a 


b 
cc    ct  Z 


if 

a 
& 


5 

a 

o 
o 

no  »C  •« 

2  2  2 
2  2  2 

D     01     & 


E 


8  8 


K  H  * 
4)     H     «J 

3  3  3 

a  a  a 

Cj    w    o 

a  a  s 
a  a  s 
8  8  8 

33^5  5 

C  2 


III 

O    O  v 
O    O    0 

5J  5  - 


V     V     V     V     V     V     U     (i     I)    V 

^  2  £  s  ^  ^  ^  ***:*' 


3    3    3    3    S 
^O  ^O  ^0  ^O  ^3 

<  <J  <J  <  < 


3    3     9    3    3 

•o  *o  *o  "O  fl 

<  <  <  <  < 


■okT  imiac  'ft'SL   O     O    O     O    O  tO  fOW 
ON  I'H^S  io  iO  u)  u)  u)  io  »    •«    i-    n 


CI 


Oct    Omqo    K>  vo    On 
MMt-MOQQCrk 


«o  « 


5>N  J 
ro  «0  ▼ 


ANALYSIS  OF  VANILLA  EXTRACT.  1 1 35 

From  the  analyses  of  the  U.  S.  P.  samples  it  is  evident  that  the 
percentage  of  vanillin  bears  no  relation  to  the  value  of  the  extract. 
Sample  No.  4562,  made  from  Mexican  beans  costing  $11.00  per 
pound,  contained  less  than  Nos.  4504  and  4505  made  respectively 
from  South  American  and  Bourbon  beans  costing  less  than  $7.00 
per  pound  and  but  little  more  than  No.  4506  made  from  Tahiti 
beans  costing  but  $1.50  per  pound.  The  average  percentage  of 
alcohol  was  38.72  and  of  cane-sugar,  19.70.  The  residue  other 
than  cane-sugar  ranged  from  1.75  to  3.90  per  cent.  None  of 
these  extracts  contained  the  slightest  trace  of  coumarin;  on  the 
other  hand,  the  Tonka  bean  extract  contained  0.21  per  cent,  of 
coumarin  but  no  vanillin. 

The  commercial  extracts  classed  as  "not  found  adulterated" 
appeared  to  have  been  made  from  vanilla  beans,  without  addition 
of  other  coloring  or  flavoring  matter.  In  most  of  these,  however, 
the  percentages  of  alcohol  and  sugar  were  less  than  in  extracts 
prepared  according  to  the  Pharmacopoeia,  and  in  some  of  them 
considerable  amounts  of  glycerin  (maximum  10.76  per  cent.)  or 
glucose  were  present,  but  these  differences  bear  little  or  no  rela- 
tion to  the  value  of  the  product. 

All  of  the  U.  S.  P.  and  the  pure  commercial  extracts  gave  with 
lead  acetate  a  bulky  precipitate  of  a  light  brown-gray  color  and  a 
filtrate  from  this  precipitate  of  a  light  yellow  color. 

The  adulterated  samples  contained  vanillin  in  amounts  ranging 
from  0.01  to  0.68  per  cent,  and  nearly  all  of  them  contained  cou- 
marin in  amounts  up  to  0.23  per  cent.  The  minimum  percentage 
of  alcohol  was  5.28  and  of  cane-sugar  was  0.47.  Glycerin  was 
found  in  several  samples,  glucose  in  one  and  invert  sugar  in  four. 
Many  of  these  extracts  gave  only  a  slight  precipitate  with  lead 
acetate,  the  precipitate  as  well  as  the  filtrate  being  dark  brown  in 
color.  After  shaking  the  filtrate  with  fullers'  earth  and  again 
filtering,  colorless  solutions  were  obtained  in  nearly  all  such  cases, 
indicating  that  the  color  was  due  to  caramel.  In  one  extract  only 
"was  a  coal-tar  color  detected. 

Connecticut  agricultural  Experiment  Station, 
New  Haven  Conn.,  July  io,  1902. 
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X.     CRBAMINO  OP  illLK  DURINQ  ITS  SALE. 

By  WaiUM  F&saa  and  M.  H.  Piwoaa*. 
Received  July  as,  leoe. 

The  theory  that  the  creaming  tendency  of  milk  leads  to  a  pro- 
nounced separation  of  this  liquid  into  a  fat-rich  upper  layer  and 
fat-poor  lower  stratum  under  the  conditions  prevailing  during  the 
delivery  of  milk  on  a  wagon-route  or  during  its  retailing  in  the 
shop,  has  sometimes  been  set  up  as  a  defense  in  prosecutions  for 
adulteration  of  milk  by  skimming. 

The  experiments  of  Wing  and  Smith1  satisfactorily  show  that 
milk  delivered  to  customers  on  a  wagon-route  from  a  large  can  by 
means  of  a  dipper  that  rests,  when  not  in  use,  on  the  bottom  of 
the  can,  is  practically  homogeneous.  Dean*  has  shown  that  this 
is  also  true  of  milk  that  is  distributed  on  a  wagon-route,  the  liquid 
being  delivered  from  large  cans  through  a  faucet. 

The  range  of  conditions  that  may  occur  during  the  retailing  of 
milk  from  a  shop,  has  not  been  so  satisfactorily  covered. 

Carter  Bell*  examined  a  sample  taken  from  two  gallons  of  well- 
mixed  milk  to  establish  its  initial  composition.  The  milk  was 
then  set  in  a  cool  place  and  one  pint  withdrawn  hourly,  pains  being 
taken  to  stir  the  milk  as  little  as  possible  during  the  withdrawal; 
the  total  solids  and  fat  in  the  fractions  thus  taken  varied  irregu- 
larly to  the  extent  of  0.64  per  cent. ;  there  was  no  important  sepa- 
ration of  cream  at  any  time ;  in  fact,  the  last  pint  wa£  richest  in  fat 

The  writer  has  recently  had  occasion  to  consider  the  possibilities 
of  separation  under  the  following  conditions :  The  sale  of  a  small 
quantity  of  milk,  kept  in  a  jar  set  in  a  trough  of  cold  water,  de- 
livered to  customers  in  portions  of  a  pint  to  a  quart  at  irregular 
intervals  during  a  period  of  six  to  eight  hours,  the  milk  being 
taken  from  the  jar  (without  care  to  stir  the  contents)  by  means  of 
a  dipper,  which  is  not  returned  to  the  jar  but  laid  to  one  side 
during  the  intervals  between  sales  to  permit  the  close  covering  of 
the  vessel. 

In  the  experiment  made  to  determine  the  effect  of  such  con- 

•  Cornell  Agricultural  Experiment  Station,  Bulletin  No.  ao. 

•  Ontario  Agricultural  College,  Bulletin  No.  66. 

•  Analyst,  No.  ai,  December,  1877 ;  cited  by  Blyth  :  "Food*,"  4ta  ed\,  p.  334. 


CREAMING  OF  MILK  PUKING  ITS  SALE.  II37 

ditions  upon  the  final  composition  of  the  milk,  a  rather  deep  can 
was  substituted  for  the  jar,  otherwise  the  conditions  were  exactly 
as  stated  above.  Two  gallons  of  milk  were  used,  having  first 
been  thoroughly  mixed  and  sampled  at  8.30  A.M.;  at  times 
stated,  below,  quantities  of  approximately  one  pint  were  with- 
drawn by  a  scooping  motion  of  the  dipper.  The  fractions  thus 
withdrawn  were  analyzed  by  the  usual  creamery  methods,  i.  e.s 
the  fat  was  determined  by  the  Babcock  test,  in  duplicate;  the 
duplicates  gave  identical  results  in  all  but  two  instances,  where 
differences  of  0.10  per  cent,  occurred.  The  density  was  deter- 
mined by  use  of  a  Quevenne  lactometer,  with  due  correction  for 
temperature  variations;  the  readings  were  made  to  one-fifth 
degree,  though  the  tendency  of  milk  to  coat  the  stem  and  obscure 
the  scale  of  the  lactometer  makes  it  doubtful  whether  an  accuracy 
of  more  than  one-half  to  one-third  degree  is  possible.  The  total 
solids  were  computed  from  the  data  thus  obtained,  by  use  of  the 
Babcock  short  formula : 

Total  solids  = h  1.2/. 

4 

where  L  represents  the  Quevenne  lactometer  reading  corrected  to 
6o°  F.,  and  /  represents  the  percentage  of  fat  in  the  milk.  Owing 
to  the  limitations  of  the  lactometric  method  mentioned  above,  it  is 
doubtful  whether  the  solids  determinations  can  be  made  more 
-closely  than  0.08  to  0.12  per  cent. 

The  entire  detail  of  the  experiment  was  carried  out  by  M.  H. 
PingTee. 

The  results  obtained  were  as  follows : 

Quevenne  lac-  Total  Solid*, 

Pat.      .tometer  readings.      •olid*.  not  fat. 

Time.  Percent.  (6o°F).  Percent.  Percent. 

8.3O  A.M 4.35  34.O  13.72  9.37 

IOA.M 7.45  31. 1  16.69  9.24 

11  A.M 7.20  32.0  16.64  9-44 

12  M 6.IO  32.8  I5.52  9.42 

2P.M 5.9O  32.8  T5.28  9.38 

2.3OP.M 4.80  33.4  i4.II  9.3I 

4P.M 4.10  34.3  13.49  939 

It  is  probable  that  the  lactometer  redding  at  10  a.m.  was  slightly 
too  low ;  otherwise  the  analytical  results  check  within  the  allow- 
able limits  of  error. 


1 1 33  NEW  BOOKS. 

The  results  show  very  clearly  that  customers  buying  the  second 
to  sixth  portions  of  milk  inclusive,  would  receive  much  more  than 
their  share  of  the  fat,  and  the  last  comers  a  greatly  impoverished 
milk,  when  the  conditions  of  sale  resemble  those  of  this  experi- 
ment. 


NEW  BOOKS. 


On  Cane-Sugar  and  the  Process  of  Its  Manufacture  in  Java.  By 
H.  C.  Prjnsbn  Gberugs.  Published  in  the  office  of  the  Sugar-Cane, 
Altrincham. 

This  book  contains  brief  statements  of  the  chemical  composi- 
tions of  the  sugar-cane.  In  addition  to  the  cane-sugar,  which  is 
the  principal  constituent  from  a  technical  standpoint,  the  sugar- 
cane consists  of  water  and  cellulose  or  fiber.  The  fiber  is  about  70 
per  cent,  pure  cellulose  and  30  per  cent,  wood-gum  or  xylan.  The 
organic  acids  are  glycolic,  malic,  succinic  and  small  quantities  of 
tannic.  Citric,  tartaric,  and  aconitic  acids  are  said  by  some  in- 
vestigators to  exist  in  normal  sugar-cane,  but  these  statements 
lack  confirmation.  The  lime  salts  of  these  organic  acids  are 
soluble  and  are  therefore  not  removed  by  clarification.  From  a 
technical  point  of  view  the  organic  acids  which  are  formed  by  the 
action  of  lime  during  evaporation  of  the  juices  are  of  quite  as 
much  importance  as  those  which  exist  naturally  in  the  cane.  These 
latter  acids  are  lactic,  saccharinic,  gluconic,  and  saccharic.  Acetic 
acid  only  exists  in  cane  which  has  undergone  fermentation. 

The  nitrogenous  bodies  of  the  cane  are  chiefly  albumen,  amides, 
or  amino  acids  and  xanthine  bases.  It  is  not  certain  whether  the 
amides  or  amino  acids  consist  of  asparagine,  aspartic  acid  or  gly- 
cocol.  Xanthine  bases  are  composed  chiefly  of  guanine.  The 
total  nitrogen  in  a  mature  sugar-cane  does  not  exceed  one-tenth  of 
1  per  cent. 

The  coloring-matters  of  the  cane  are  chiefly  chlorophyll  and  its 
alteration  products  and  anthocyan.  There  is  also  another 
coloring-matter  in  the  fiber  which  becomes  yellow  on  contact  with 
alkaline  liquids.  The  cane  wax  which  exists  on  the  outside  of  the 
cane  is  soluble  in  alcohol,  ether,  chloroform  and  benzine.  It  is 
not  a  wax  properly  so-called,  but  a  saturated  alcohol,  having  24 
atoms  of  carbon.  In  addition  to  the  sucrose,  levulose,  and  dex- 
trose which  form  the  chief  part  of  the  soluble  carbohydrates,  the 


NEW  BOOKS.  1 1 39 

cane  also  contains  a  small  quantity  of  pectin.  The  ash  of  the  cane 
is  composed  chiefly  of  potash  and  silica.  Small  quantities  of  soda, 
lime,  magpesia,  oxide  of  iron  a'nd  sulphuric  acid  are  also  found  in 
the  ash. 

The  technical  part  of  the  work  gives  in  a  condensed  form  a 
statement  of  processes  of  manufacture  which  obtain  on  the  island 
of  Java.  The  articles  on  clarification,  filtration  and  evaporation 
will  be  found  useful  to  those  engaged  in  technical  sugar  work. 

Every  one  who  is  engaged  in  the  manufacture  of  sugar  will  find 
Mr.  Geerligs's  book  practical  and  full  of  useful  suggestions. 

H.  W.  Wiley. 

Thb  Gas  Engineer's  Laboratory  Handbook.  By  John  Hornby.  Sec- 
ond edition,  revised  and  enlarged.  London,  £.  &  P.  N.  Spon.  New 
York  :  Spon  and  Chamberlain.     1902.    xvi  -f  304  pp. 

This  volume  describes  the  various  analytical  operations  that 
are  necessary  to  the  proper  control  of  the  manufacture  of  illumi- 
nating gas.  Parts  I,  II,  and  III  (112  pages)  are  devoted  to  the 
consideration  of  elementary  quantitative  analysis,  the  topics  there 
discussed  being  the  balance,  weights  and  weighing,  sampling,  pre- 
cipitation, filtration,  gravimetric  determinations  and  volumetric 
analysis.  Part  IV  deals  with  the  special  analyses  required  in  gas 
works,  such  as  the  analyses  of  coal  and  coke,  the  examination  of 
crude  gas,  testing  of  purified  gas,  analysis  of  ammoniacal  liquor, 
lime,  limestone,  oxide  of  iron,  spent  oxide  and  fire-clay,  the  assay 
of  coal-tar,  fractional  distillation  and  the  determination  of  the 
specific  gravity  of  gases.  In  Part  V,  technical  gas  analysis, 
calorimetry  and  the  examination  of  oils  are  considered.  The 
Appendix  contains  the  English  Gas  Referees'  Instructions  con- 
cerning the  examination  of  the  purity  of  illuminating  gas,  and 
these  are  followed  by  various  useful  tables. 

The  book  contains  only  what  is  essentially  English  practice,  and 
recent  improvements  in  methods  and  procedures  that  have  been 
adopted  in  Germany  and  in  this  country  have  rarely  been  incorpo- 
rated by  the  author.  For  example,  the  method  for  the  analysis  of 
coal  as  recommended  in  the  Report,  to  the  American  Chemical 
Society,  of  the  Committee  on  Coal  Analysis  is  not  even  referred  to, 
and  the  many  recent  improvements  in  the  methods  of  analysis  of 
gas  mixtures  appear  to  have  escaped  the  author's  attention.  The 
work  contains,  however,  much  valuable  and  interesting  informa- 
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tion  and  will  be  found  a  convenient  book  of  reference  by  those 
who  have  to  do  with  the  manufacture  and  analysis  of  illuminating 
gas.  L.  M.  Dennis. 

Guide  to  Preparation  Work  in  Inorganic  Chemistry.  By  Dr.  Bloch- 
mann  ;  translated  by  J  as.  Lewis  Howe.  Published  by  Washington 
and  Lee  University,  Lexington,  Virginia.    Price,  60  cents. 

The  translation  of  Blochmann's  "Anleitung  zur  Darstellung 
chemischer  Praparate"  by  Professor  James  Lewis  Howe  places 
this  excellent  little  book  within  reach  of  students  who  are  unable 
to  read  it  in  the  original.  While  the  demand  for  an  elementary 
text  in  inorganic  preparations  is  perhaps  not  so  great  as  it  is 
abroad,  inasmuch  as  many  of  our  texts  in  general  chemistry  in- 
clude considerable  work  of  this  nature,  nevertheless,  too.  much 
emphasis  can  not  be  placed  upon  the  making  of  inorganic  com- 
pounds in  exactly  the  line  followed  by  Blochmann ;  namely,  deter- 
mining the  amount  of  pure  substance  which  can  be  made  from  a 
given  amount  of  raw  material. 

Most  of  the  processes  given  are  simple  but  important,  and  if 
faithfully  followed  out,  will  give  the  student  a  pretty  clear  idea  of 
the  common  methods  used  in  making  of  these  simpler  inorganic 
substances.  In  fact,  it  would  seem  that  the  book  might  be  used  to 
advantage  by  advanced  students  of  general  chemistry  before  they 
have  had  the  work  in  analytical  chemistry  mentioned  by  the 
author. 

Several  of  the  first  experiments  are  found  in  nearly  all  of  our 
texts  on  general  chemistry,  the  only  difference  being  that  the 
quantitative  results  emphasized  here,  are  usually  omitted  in  gen- 
eral chemistry.  Among  these  preparations  are  hydrochloric  acid 
nitric  acid,  ammonia,  sodium  hydroxide,  sodium  nitrite,  iron  sul- 
phate, disodium  phosphate  and  the  acids  of  phosphorus.  Among 
the  less  common  ones  are  urea,  hydroxylamine,  crystallized  silicon, 
antimony  trichloride  and  amidosulphonic  acid. 

While  the  text  is  scarcely  large  enough  for  a  full  course  in 
inorganic  preparations,  it  might  be  used  in  connection  with  a 
course  in  advanced  chemistry  with  good  results.  Indeed  it  is  to 
be  hoped  that  the  time  will  soon  come  when  much  of  the  advanced 
work  in  general  chemistry  will.be  along  the  line  indicated  in  this 
little  book.  G.  B.  Frankforter. 
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THE  SOLUBILITY  EQUILIBRIUM  BETWEEN  SILVER  CHLO- 
RIDE, SILVER  OXIDE,  AND  SOLUTIONS  OP  POTAS- 
SIUM CHLORIDE  AND  HYDROXIDE. 

Br  a.  A.  Noye»  and  D.  A.  Koam. 
Received  September  15,  ieoe. 

The  theoretical  application  of  the  Mass-Action  Law  and  the 
Ionic  Theory  to  the  type  of  equilibria  to  which  the  case  named  in 
the  title  belongs  has  already  been  made  by  Nernst,1  who  also  in- 
terpreted the  well-known  results  of  Guldberg  and  Waage  with 
barium  carbonate  and  sulphate  in  accordance  with  the  theory. 
The  principle  of  the  equilibrium  is  very  simple ;  namely,  since 

Cac-  X  Ccr  —  SAgci»  and  Caj  .  X  Coh  ==  Sacio» 
it  follows  that 

Cci'/CoH'  =  SAjCl/SAftO   9 

that  is,  that  the  ratio  of  the  concentrations  of  the  chlorine  and  hy- 
droxyl  ions  in  any  solution  which  is  simultaneously  saturated  with 
silver  chloride  and  oxide  is  constant  and  equal  to  the  ratio  of  the 
squares  of  the  solubilities  of  these  two  salts  in  pure  water,  it  be- 
ing assumed  that  the  two  salts  are  completely  dissociated.  This 
principle  is  of  importance  not  only  because  it  underlies  a  fre- 
quently occurring  type  of  chemical  reaction,  but  also  because  it 

*  "  Theoretiiche  Chemie,"  Second  edition,  p.  498- 
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furnishes  an  indirect  means  of  determining  the  solubility  in  water 
of  salts  which  are  so  difficultly  soluble  that  the  concentration  of 
their  saturated  solutions  can  not  be  directly  determined  by  analyti- 
cal methods.  We  have  therefore  thought  it  worthy  of  further 
investigation. 

An  experimental  investigation  of  the  analogous  principle  that 
applies  in  the  case  where  one  of  the  difficultly  soluble  salts  is  tri- 
ionic  has  been  made  by  Findlay,1  who  studied  the  equilibrium  be- 
tween lead  sulphate,  lead  iodide,  and  solutions  of  sodium  sulphate 
and  iodide.    The  theory  was  found  to  be  confirmed. 

Our  own  investigation  consisted  in  determinations  of  the  solu- 
bility in  water  of  silver  oxide  (and  incidentally  of  silver  iodate), 
and  of  the  concentrations  of  solutions  containing  both  potassium 
chloride  and  hydroxide  that  are  in  equilibrium  simultaneously 
with  silver  chloride  and  oxide. 

The  substances  used  were  prepared  as  follows:  Silver  oxide 
was  made  by  precipitating  silver  nitrate  solution  with  a  clear  solu- 
tion of  barium  hydroxide,  and  the  precipitate  was  washed  by  de- 
cantation  with  four  liters  of  freshly  boiled  water  and  collected  on 
a  filter.  The  precipitation,  washing,  and  filtration  were  carried 
out  in  an  apparatus  so  arranged  that  the  precipitate  did  not  come 
at  any  time  in  contact  with  ordinary  air  containing  carbon  dioxide. 
Its  purity  was  established  by  "rotating"  successively  the  same 
portion  of  the  oxide  with  fresh  quantities  of  water,  and  determin- 
ing the  amount  dissolved,  which  proved  to  be  constant.  Silver 
chloride  was  prepared  by  precipitating  silver  nitrate  solution  with 
hydrochloric  acid  and  washing  the  precipitate  thoroughly  in  a 
beaker  protected  from  the  light.  A  potassium  hydroxide  solution 
was  made  by  dissolving  commercial  potassium  hydroxide  "from 
alcohol"  in  water,  determining  analytically  the  amount  of  carbon- 
ate present,  adding  the  amount  of  barium  hydroxide  solution 
necessary  to  precipitate  it,  and  decanting  the  solution  after  the 
precipitate  had  settled.  This  solution  was  found  to  give  a  faint 
test  for  carbonate  upon  adding  more  barium  hydroxide ;  but,  as  it 
also  gave  a  slight  precipitate  with  sulphuric  acid,  it  was  evident 
that  a  quantity  of  barium  substantially  equivalent  to  the  carbonate 
had  been  added.    A  potassium  chloride  solution  was  made  from 

1  Ztschr.pkys.  Chem.%  34,  409  (1900). 
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salt  which  had  been  precipitated  by  hydrochloric  acid  and  ignited. 

The  solutions  of  the  pure  silver  salts  in  water  were  saturated  by 
rotating  them  in  a  thermostat  at  25  °  for  four  or  five  hours  in  the 
apparatus  described  by  Noyes.1  The  state  of  saturation  was  ap- 
proached both  from  /the  undersaturated  and  from  the  super- 
saturated side.  After  allowing  theo  solid  particles  to  settle  for  a 
short  time,  the  solutions  were  sucked  out  of  the  bottles,  which 
were  left  standing  in  the  thermostat,  through  a  filter  placed  in  a 
closed  funnel  into  a  250  cc.  graduated  flask.  The  solutions  were 
then  precipitated  with  potassium  iodide,  about  0.5  cc.  of  a  satu- 
rated barium  nitrate  solution  being  also  added  to  promote  the  co- 
agulation. The  precipitates  were  collected  in  platinum  Gooch 
crucibles  upon  a  layer  of  finely  divided  platinum,  dried  at  1600, 
and  weighed. 

The  results  obtained  with  silver  oxide  and  with  silver  iodate2 
are  given  below.  The  figures  represent  the  grams  of  silver  iodide 
obtained  from  250  cc.  of  saturated  solution. 


Table 

I. 

Silver  oxide 

• 

Silver  iodate 

• 

Prom  under- 
saturation. 

Prom  super- 
saturation. 

Prom  ander- 
saturation. 

Prom  super 
saturation. 

O.OI25 

O.OI27 

O.OIO9 

O.OI  12 

O.OI30 

O.OI20 

O.OI07 

O.OII3 

O.OI25 

O.OI53 

O.OII2 

O.OI  1 7 

O.OI025 

O.0 1 12* 

O.OI08 
O.OIII 

O.OI06 
O.OI  14 

0.0127  0.0127  0.01094  0.01 124 

It  will  be  seen  that  the  means  of  the  "undersaturated"  and 
"supersaturated"  values  agree  completely  in  the  case  of  the  silver 
oxide,  and  fairly  well  in  the  case  of  the  iodate. 

The  solubilities  expressed  in  mols  per  liter  corresponding  to  the 
final  means  are  2. 16  X  io*~4  for  silver  oxide,  and  1.89  X  io~4  for 
silver  iodate. 

The  solubility  of  the  silver  iodate  was  determined  with  the  idea 
that  it  might  prove  a  satisfactory  salt  to  use  in  connection  with 
silver  oxide  in  testing  the  theory  under  consideration.     But,  since 

1  Ztschr.  phys.  Chem.%  o,  606  (1893). 

*  The  silver  iodate  was  prepared  by  precipitating  a  solution  of  silver  sulphate  with  one 
of  potassium  iodate  made  from  the  recrystallized  salt.  The  precipitate  was  washed  thor- 
oughly with  hot  water. 

*  Omitted  in  the  calculation  of  the  mean. 
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the  solubilities  proved  to  be  so  nearly  identical,  and  since  therefore 
the  ratio  of  them  would  not  differ  greatly  from  the  ratio  of  their 
squares,  it  was  decided  to  combine  silver  chloride  with  the  silver 
oxide;  and  no  further -work  was  done  with  the  iodate. 

In  the  first  series  of  experiments  with  mixed  salts,  an  ex- 
cess of  moist  silver  oxide  and  chloride  was  added  to  an  approxi- 
mately 1/3  normal  solution  of  potassium  hydroxide,  and. the  mix- 
tures were  rotated  in  the  thermostat  at  25  °  for  a  number  of  hours. 
In  half  of  the  experiments,  the  mixtures  were  heated  above  25° 
and  shaken,  before  placing  them  in  the  thermostat ;  but  no  syste- 
matic difference  was  shown  by  the  results.  After  the  rotation,  the 
solutions  were  allowed  to  settle,  filtered  in  the  manner  above  de- 
scribed, and  portions  of  50  cc.  and  200  cc.  measured  out.  The  50 
cc.  portion  was  titrated  with  0.5217  normal  nitric  acid1  to  deter- 
mine the  hydroxide  present,  and  was  then  united  with  the  200  cc 
portion.  The  whole  was  then  acidified  with  nitric  acid  and  pre- 
cipitated with  silver  nitrate ;  the  precipitated  silver  chloride  was 
collected  in  Gooch  crucibles,  dried,  and  weighed. 

The  experimental  results  and  the  calculated  ratio  are  given  in 
the  following  table :  The  first  column  contains  the  number  of  the 
experiment ;  the  second,  the  grams  AgCl  obtained  from  250  cc.  of 
saturated  solution;  the  third,  the  cubic  centimeters  of  0.5217 
normal  HNO,  neutralized  by  50  cc.  of  saturated  solution;  the 
fourth  and  fifth,  the  corresponding  number  of  millimols  of  KC1 
and  KOH  respectively  per  liter;  and  the  sixth,  the  ratio  Co*:  Coh, 
calculated  in  the  manner  described  below. 

Table  II. 

BxpL  AgCl.  HNO* 

No.  Grmm.  Cc.  Ckci*  Ckoh  Ccr/CoH'- 

x 0.1181     31.60    3.395    339.7    0.01070 

3 O.1 184  32.IO  3.303  334.9  O.OIQ56 

3 0.1231  34.30  3.434  357-8  0.01038 

4 0.1369  34.35  3.540  358.3  0.01058 

5 o.  1356  34.30  3.503  356.8  0.01052 

6 O.I333      33.5O      3.4IO      349.5      O.OIO45 

Mean 0.01052 

A  second  series  of  two  experiments  (Nos.  7  and  8)  was  made 

*  This  had  been  standardised  through  a  sodium  hydroxide  solution  against  a  hydro- 
chloric acid  solution  in  which  the  acid  had  been  determined  by  precipitation  with  aher 
nitrate. 
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in  which  a  weaker  potassium  hydroxide  solution  (about  0.065 
molar)  was  substituted  for  the  stronger  (one-third  molar)  solu- 
tion. And  in  a  third  series,  consisting  of  four  experiments  (Nos. 
9-12),  five  times  as  much  solid  potassium  chloride  was  added. at 
the  start  to  the  potassium  hydroxide  solution  as  was  present  after 
equilibrium  was  reached.  The  results  are  given  in  the  following 
table : 

Table  III. 

Hgpt.  AgCL  HKO». 

No.  Gram.  cc.  t-KCi-  Ckoh-  V-Ci'/t-OH'- 

7 O.0239  6. 78  O.666  70.7  O.OO995 

8 0.0190  5.72  0.530  59.7  0.00938 

9 0.0177  5.20  0.494  54.2  0.00961 

xo 0.0222  6.23  0.620  65.0  0.01006 

Mean 0.00975 

ix 0.0375  xo.50  x.046  109.5  0.0x020 

is 0.0329  9.05  0.918  94.4  0.01038 

Mean 0.0x029 

It  will  be  seen  that  the  values  of  the  ratio  CCi/C0h'  check  fairly 
well  in  each  set  of  experiments  where  the  potassium  hydroxide 
concentration  was  approximately  the  same.  This  is  true  espe- 
cially of  the  values  of  Table  II  where  that  concentration  and  the 
weight  of  silver  chloride  obtained  were  the  greatest.  There  is  a 
slight  decrease  in  the  ratio  (from  0.0105  to  0.0098)  with  decrease 
of  concentration  (from  0.35  to  0.06  molar  KOH).  This  is,  how- 
ever, of  a  secondary  magnitude,  and  the  general  agreement  of  the 
results  obtained  at  different  concentrations  and  by  different 
methods  of  approaching  the  equilibrium-condition  proves  that  there 
can  be  no  considerable  error  in  the  results. 

A  few  words  must  be  added  in  regard  to  the  manner  of  calcu- 
lating this  ratio.  It  consisted  in  first  multiplying  the  concentra- 
tions of  the  two  salts  given  in  the  fourth  and  fifth  columns  of  the 
tables  by  their  respective  degrees  of  dissociation.  These  last  were 
determined  by  the  following  method,  which  seems  to  us  to  be  the 
most  exact  one  for  the  calculation  of  the  dissociation  of  salts,  in 
the  presence  of  each  other,  which  do  not  follow  the  Mass-Action 
Law.  It  is  based  on  the  principle  demonstrated  by  solubility 
experiments,1  that  the  concentration  of  the  undissociated  part  of 

1  See  Noyct  and  Abbott :  ZUchr.  pkys.  Ctaft.,  16, 138  (1895). 
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a  salt  has  the  same  value,  when  the  product  of  the  concentrations 
of  its  ions  has  the  same  value,  whatever  may  be  the  two  separate 
factors  of  that  product.  This  principle  may  be  applied  to  the 
present  case  in  the  following  manner.  In  the  experiments  in 
Table  II  the  potassium  chloride  solution  is  about  0.0033  molar 
and  the  hydroxide  solution  about  0.35  molar.  As  a  first  rough 
approximation  we  may  assume  each  salt  to  be  85  per  cent,  disso- 
ciated; and  we  then  get  for  the  product  CK*  X  Co*,  the  approximate 
value,  (0.35  +  0:0033)  X  0.85  X  0.0033  X  0.85.  The  square  root 
of  this  quantity  (or  0.030)  is  85  per  cent,  of  the  concentration 
(0.0355)  °f  Pure  potassium  chloride  at  which  the  degree  of  disso- 
ciation is  the  same  as  it  is  in  the  solution  of  the  mixed  potassium 
salts.  This  degree  of  dissociation  can  then  be  ascertained  by 
reference  to  a  table,  or  better  a  plot,  of  molar-conductivity  values. 
In  this  case  with  the  help  of  the  data  of  Kohlrausch  and  Maltby,1 
it  is  found  to  be  90  per  cent.  In  a  similar  way  the  dissociation  of 
the  potassium  hydroxide  is  found  to  be  84  per  cent.1  These  values 
are  used  in  calculating  the  ratios  for  all  six  experiments  given  in 
Table  II.  For  experiments  7-10  in  Table  III,  the  dissociation  of 
the  chloride  is  found  to  be  95  per  cent.,  and  that  of  the  hydroxide 
90  per  cent.  For  experiments  11  and  12,  the  corresponding  values 
are  found  to  be  94  and  88  per  cent.,  respectively. 

Adopting  for  the  ratio  the  round  value  0.0100,  which  is  as 
accurate  a  conclusion  as  the  experiments  admit  of,  it  follows  from 
the  equation  given  at  the  beginning  of  this  article  that  the  ^solu- 
bility of  the  chloride  should  be  almost  exactly  one-tenth  (=Vo.oi) 
of  that  of  the  oxide,  or  2.16  X  io~$  mols  per  liter,  adopting  our 
analytically  determined  value  for  the  oxide.  The  value  found  by 
Kohlrausch  and  Rose3  by  conductivity  measurements  at  25°  was 
1.50  X  io""8.  These  two  quantities  are  of  the  same  order  of 
magnitude,  and  to  that  extent  they  furnish  a  confirmation  of  the 
theory.  Thus,  if  the  fact  of  the  electrolytic  dissociation  of  the 
two  silver  salts  was  not  taken  into  account,  it  might  be  expected 
that  the  ratio  of  the  solubilities  themselves,  instead  of  that  of  their 
squares,  would  be  equal  to  the  ratio  Ca»/C0H',  and  consequently 

1  Sitsungiber.  kbnigl.  preuss.  Akad.  der  IVissensckqflen*  (1899),  p.  665  ;  (1900).  p.  100& 

*  Assuming  the  limiting  value  (  AK  4-  AOH' )  to  be  equal  to  339  at  180  (Kohlrausch  : 
SUwungsber.  just  cited,  (1901),  p.  1031)  and  using  alto  his  data  for  the  higher  concentrations. 

•  Ztschr.  phys.  Chem.%  is,  14a  (1893). 
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that  the  solubility  of  silver  chloride  would  be  0.216  X  io~*  — an 
enormous  divergence  from  the  result  by  the  conductivity  method. 
It  is,  nevertheless,  true  that  the  deviation  of  the  solubility-ratio 
directly  determined  from  that  predicted  from  the  equilibrium  ex- 
periments is  greater  than  can,  with  any  degree  of  probability,  be 
accounted  for  by  the  experimental  errors,  even  though  these  may 
be  considerable  in  the  case  of  the  solubilities  of  ttoo  such  diffi- 
cultly soluble  salts.  There  is,  moreover,  one  explanation  of  a 
theoretical  nature  that  would  account  for  the  results ;  namely,  the 
assumption,  by  no  means  a  priori  improbable,  that  silver  hydrox- 
ide in  saturated  solution  is  not  even  approximately  completely 
dissociated.  If  Kohlrausch  and  Rose's  value  for  silver  chloride 
be  considered  correct  and  by  means  of  the  ratio  Ccr :  C0H',  the 
"solubility"  of  silver  oxide  be  calculated  from  it,  this  is  found  to 
be  1.50  X  io~\  while  the  analytically  determined  value  is 
2.16  X  icr*.  The  former  value  which  has  been  considered  to  be 
the  solubility  represents  in  reality,  according  to  the  theory,  only 
the  concentration  of  the  dissociated  portion  in  the  saturated  solu- 
tion; and,  admitting  the  accuracy  of  the  data,  the  conclusion 
might  be  drawn  from  them  that  silver  hydroxide  in  its  saturated 
solution  is  70  per  cent,  dissociated.  No  independent  evidence  can 
be  cited,  as  far  as  we  know,  either  for  or  against  this  conclusion. 
We  have  considered  the  possibility  of  verifying  it  by  conductivity 
measurements ;  but,  in  view  of  the  difficulties  known  to  exist  in  the 
case  of  such  very  dilute  solutions  of  bases*,  it  has  seemed  to  be 
hopeless  to  obtain  sufficiently  accurate  results,  tt  any  rate  unless 
extraordinary  precautions  were  taken,  and  the  matter  were  made 
the  subject  of  an  extended  investigation. 


The  results  of  this  investigation  may  be  fully  summarized  as 
follows : 

Solubility  determinations  at  25  °,  in  which  the  ordinary  methods 
of  analysis  were  employed,  gave  for  silver  oxide  2. 16  X  icr*  mols 
AgOH  per  liter,  and  for  silver  iodate  1.S9  X  icr4  mols  AglO, 
per  liter. 

The  ratio  of  the  concentrations  of  the  chlorine  and  hydroxyl 
ions  in  solutions  of  potassium  chloride  and  hydroxide  which  are 
simultaneously  saturated  with  silver  chloride  and  oxide  increases 
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only  8  per  cent,  with  a  sixfold  multiplication  of  the  concentrations 
of  the  former  salts,  and  has  very  nearly  the  value,  0.0100. 

Assuming  that  the  two  silver  compounds  are  completely  dis- 
sociated in  their  saturated  solutions,  the  requirement  of  the  Mass- 
Action  Law  and  the  Ionic  Theory  that  the  ratio  of  the  squares  of 
their  solubilities  be  equal  to  the  concentration-ratio  just  referred 
to,  leads  to  the  conclusion  that  the  solubility  of  silver  oxide  in 
water  is  ten:  times  that  of  silver  chloride.  The  value  for  silver 
oxide  determined  directly  by  us  is,  however,  14.4  times  that  ob- 
tained for  silver  chloride  by  Kohlrausch  and  Rose  by  the  conduc- 
tivity method.  It  is  pointed  out  that  this  divergence  would  be 
accounted  for  by  the  assumption  that  silver  hydroxide  in  saturated 
solution  is  only  70  per  cent,  dissociated. 

An  exact  method  is  described  of  deriving  the  dissociation  of 
two  dissolved  salts  in  the  presence  of  each  other,  which  consists 
essentially  in  considering  the  dissociation  of  each  salt  to  be  that 
which  conductivity  measurements  show  it  to  have  when  it  is  alone 
present  at  a  concentration  of  its  ions  equal  to  the  square-root  of 
the  product  of  the  concentrations  of  its  ions  in  the  solution  of  the 
mixed  salts. 

m amacht7sbtts  institute  op  technology, 
Boston,  Mass. 


SOrtE  NOTES  CONCERNING  HALPHEN'5  test  for  cot- 
tonseed OIL. 

By  Elton  Frame*. 

KMUTM  SMpCMDDCr  ),  10M, 

Since  Halphen's  reaction  for  cottonseed  oil  was  first  published 
in  1897,1  it  has  been  submitted  to  more  or  less  rigid  test  by  a  con- 
siderable number  of  investigators.  Although  some  differences  of 
opinion  have  arisen  as  to  its  merits  and  general  applicability,  it 
seems  to  have  been  quite  generally  accepted  as  the  most  reliable 
method  at  hand  for  detecting  the  presence  of  cottonseed  oil  in 
admixture  with  other  oils  or  fats. 

K.  Mazher,1  after  using  nitric  acid,  Hirschsohn's  reagent, 
Becchi's  test,  and  Halphen's  reaction,  concludes  that  only  the 
latter  is  to  be  depended  upon. 

>  J.  Pkmrm.  Cktm.y  9, 39a  (1897). 
•  /bid,,  17, 139. 
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J.  Wauters1  reviewed  the  Becchi  test  at  some  length,  and  con- 
cluded that  Halphen's  reaction  is  more  reliable.  He  found  it  to 
be  very  delicate,  and  reported  his  ability  to  detect,  by  its  use,  0.25 
per  cent,  of  cottonseed  oil  in  a  mixture.  He  also  found  it  possible 
to  determine  the  approximate  amounts  of  oil  in  a  mixture  by 
comparison  with  known  mixtures.  R.  D.  Oilar*  gave  it  extended 
trial  and  found  it  to  be  reliable  for  0.50-0.25  per  cent.,  and  that  it 
was  even  possible  to  detect  such  small  amounts  as  1/16  of  1  per 
cent.  Raikow  and  Tscherweniwanow*  found  it  to  be  sensitive  to 
0.50  per  cent.  Many  others  have  found  the  test  as  proposed  by 
Halphen  to  be  very  satisfactory,  and  it  seems  to  have  great  favor 
among  chemists  at  the  present  time. 

There  is,  however,  some  lack  of  agreement  as  to  its  reliability  in 
the  case  of  old  or  rancid  oils. 

J.  Wauters4  claims  that  old  oils  also  respond  to  the  test.  P. 
Soltsien*  states  that  the  age  and  rancidity  of  the  oil  have  no  in- 
fluence upon  the  characteristic  reaction.  R.  D.  Oilar,6  on  the 
other  hand,  found  that  old  and  rancid  oils  do  not  produce  the 
crimson  coloration. 

The  object  of  this  article  is  not  to  discuss  the  sensitiveness  nor 
reliability  of  Halphen's  reaction  when  applied  to  normal  oils,  but 
rather  to  call  more  special  attention  to  two  points  in  connection 
with  its  use  which  require  some  emphasis.  It  is  manifest  that  the 
diagnostic  value  of  the  test  must  be  dependent  upon  all  the  condi- 
tions which  affect  it.  The  first  point  to  be  considered  is  the  effect 
of  heat  upon  cottonseed  oil  in  its  relation  to  Halphen's  reaction, 
and  the  effect  of  high  temperatures  upon  the  palatability  of  the 
oil.  It  is  conceded  that  the  substance  in  the  oil  to  which  the 
characteristic  coloration  is  due,  can  be  eliminated  by  heat. 
Whether  it  is  volatilized  unchanged,  or  whether  it  is  decomposed 
"by  the  heat,  is  immaterial. 

Raikow7  has  shown  that  the  active  substances  in  Becchi's  and 
Halphen's  reactions  are  -not  identical,  and  that  by  oxidation  with 

1  Bull.  Assoc.  Bttg.  Chim.%  10, 404-416  (1899). 

*  Am.  Chem.J.*  %4,  353-373. 

*  Gum.  Ztg.,  1899,  pp.  1025-1028. 

«  Bull.  Assoc.  Belg.  Chtm.%  10,  404-416  (1899). 

•  Zlsckr.  dffenil.  Chem.,  3, 106-107. 

•  Am.  Chem.  /..  94,  355-373- 

1  CJum.  Zlg.%  1900.  pp.  504-563. 
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potassium  permanganate  an  oil  can  be  rendered  inactive  to  the 
latter,  while  responding  with  undiminished  intensity  to  the  former. 
This  would  seem  to  indicate  that  the  color-producing  substance 
in  Halphen's  test  is  easily  oxidizable,  possibly  aldehydic  in  char- 
acter, although  Gill  and  Dennison1  were  unable  to  detect  the  pres- 
ence of  bodies  of  this  nature  in  cottonseed  oil.  But  whatever  may 
be  the  nature  of  this  active  substance,  it  cannot  withstand  high 
temperatures.  Raikow  and  Tscherweniwanow8  found  that  it 
was  destroyed  by  heating  with  superheated  steam,  or  at  a  tem- 
perature of  2200  C. 

Allen*  states  that  oil  heated  to  245  °  C.  still  gives  the  Halphen 
reaction  but  with  diminished  intensity.  Gill  and  Dennison4  state, 
as  the  result  of  their  own  experiments,  that  when  heated  to  2600 

C,  an  oil  will  no  longer  respond  to  the  test.  P.  Soltsien5  observes 
that  the  reaction  still  takes  place  when  oil  is  heated  to  200 °  C,  but 
that  a  temperature  of  2500  C.  destroys  its  sensitiveness  to  the  test 

D.  Holde  and  R.  Pelgry*  found  that  a  temperature  of  2OO°-2io0C. 
served  to  lessen  the  intensity  of  the  coloration  produced,  and  that 
when  oil  is  maintained  at  2500  C.  for  ten  minutes,  it  is  no  longer 
capable  of  producing  a  color  change. 

R.  D.  OilarT  concludes  from  his  experimental  work  that  the 
temperature  at  which  the  oil  is  rendered  inactive,  depends  upon  the 
nature  of  the  containing  vessel,  and  duration  of  the  heating.  He 
found  that  in  glass  vessels  a  temperature  of  3i5°-320°  C.  was 
necessary  in  order  to  destroy  the  capability  of  color  reaction,  but 
that  the  same  result  was  produced  by  heating  the  oil  for  one  hour 
in  a  steel  frying  pan,  at  I40°-I50°  C. 

Some  experiments  recently  carried  out  in  our  laboratory  showed 
that  a  temperature  of  265°-270°  C.  is  necessary  to  render  the  oil 
wholly  inactive.  The  results  given  below  were  obtained  with  a 
sample  of  cottonseed  oil  which 'had  been  sold  upon  the  market  for 
olive  oil.  It  was  yellow  in  color,  and  had  an  iodine  number  of 
106.3.     It  was  not  *n  ^e  slightest  degree  rancid.    The  tests  were 

1  ThU  Journal,  34,  397-398  (190a). 
«  Chem.  Ztg.s  33,  ioas-ioa8  (1899). 

*  "  Commercial  Organic  Analysis,"  Vol.  II,  Part  I,  third  edition,  p.  143. 
4  This  Journal,  34,  397-398  (1903). 

*  Ztschr.  bffentl.  Chem.,  a,  135-136. 

*  Chem.  Rev.  FetL  u.  Ham.  Ind^  6,  (4)  67-68. 
»  Am,  Ckem.J.,  94,  355-373. 
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applied  as  follows:  Eight  test-tubes  were  prepared,  each  con- 
taining 10  cc.  of  oil,  10  cc.  of  colorless  amyl  alcohol,  and  10  cc.  of 
carbon  disulphide  containing  2  per  cent,  of  sulphur.  In  one  tube 
unheated  oil  was  used ;  in  another,  oil  ,that  had  been  previously 
heated  to  1800  C.  for  ten  minutes ;  in  the  other  tubes  oil  was  used 
which  had  been  heated  ten  minutes  at  the  following  temperatures : 
2000,  2100,  2200,  2400,  2600  and  2800  C.  The  test-tubes  and  con- 
tents were  heated  in  a  bath  of  glycerol  and  water  to  1  io°  C.  for 
fifteen  minutes.  Results  as  follows :  The  unheated  oil  gave  a  deep 
crimson  coloration.  That  which  had  been  previously  heated  to 
1800  C.  gave  a  crimson  coloration  which  was  very  perceptibly 
lighter  than  that  given  by  the  unheated  oil.  There  was  a  gradual 
lessening  of  intensity  of  the  color  produced  by  the  oil  which  had 
been  heated  to  2000  and  2100  C,  while  that  which  had  been  sub- 
mitted to  a  temperature  of  2200  C.  gave  only  a  light  crimson 
coloration ;  a  slight  pink  color  resulted  from  the  sample  heated  to 
2400  C,  and  only  a  very  faint  tinge  of  pink  from  that  heated  to 
2600  C,  while  the  contents  of  the  tube  containing  the  oil  which 
had  been  previously  heated  to  2800  C.  showed  no  trace  of  color. 

Soltsien1  and  others  believe  that  cottonseed  oil  which  has  been 
heated  to  2500  C.  is  no  longer  fit  for  edible  purposes.  Our  work, 
although  by  no  means  disproving  this  belief,  seems  to  indicate  that 
possibly  it  is  erroneous.  The  oil  was  raised  gradually  to  a  temper- 
ature of  2800  C.  by  us,  by  heating  it  in  open  test-tubes  in  a  paraffin 
bath.  It  was  kept  at  this  temperature  for  ten  minutes  and  the  only 
observable  difference  between  it  and  the  unheated  oil  was  an 
almost  imperceptible  deepening  of  the  yellow  color.  At  this  date, 
three  months  after  the  heating,  the  heated  and  unheated  samples 
show  no  difference  in  taste  or  odor.  It  is  probable  that  oils  pro- 
duced by  different  methods  of  extraction  and  refining  may  be 
more  or  less  dissimilar,  and  hence  results  from  a  single  sample 
cannot  be  regarded  as  conclusive,  although  the  presumption  is 
strong  in  favor  of  the  view  that  oils  would  differ  but  little  in  the 
characteristic  just  mentioned.  It  is,  of  course,  superfluous  to  re- 
mark that  if  cottonseed  oil  can  be  heated  to  a  temperature  sufficient 
to  destroy  its  color  reaction  without  injuring  its  palatability, 
Halphen's  test  cannot  be  wholly  reliable  for  detecting  its  presence 

1  Ztsckr.  bffentl.  Chem.s  5,  135-136. 
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when  mixed  with  other  oils  or  fats.  However,  it  is  not  necessary 
to  completely  destroy  the  capability  of  color  production,  and 
hence  not  necessary  to  heat  the  oil  to  26s°-270°  C,  in  order  to 
render  the  test  untrustworthy.  Heating  to  220°-230°  C.  would 
be  sufficient.  This  fact  brings  us  to  the  second  point  to  be  empha- 
sized ;  viz.,  that  the  active  substance  in  cottonseed  oil  to  which  the 
characteristic  coloration  in  Halphen's  reaction  is  due,  is  trans- 
mitted apparently  unchanged  into  the  fat  of  animals  fed  on 
cottonseed  meal. 

J.  Wauters1  says  that  when  Halphen's  test  is  applied  to  butter 
from  cows  fed  on  cottonseed  meal,  a  coloration  is  obtained 
equivalent  to  about  I  per  cent,  of  cottonseed  oil.  F.  Werenskiold* 
is  responsible  for  the  assertion  that  when  cows  were  fed  I  kilo 
per  day  of  peanut  cake,  no  test  for  arachidic  acid  could  be  obtained 
in  the  butter  they  produced;  but  that  when  an  equal  amount  of 
cottonseed  meal  was  fed,  the  butter  gave  a  distinct  reaction  for 
cottonseed  oil  with  Halphen's  reagent. 

Allen8  states  that  lard  and  lard  oil  obtained  from  animals  which 
have  been  fed  on  cottonseed  meal,  will  often  respond  faintly  to 
Halphen's  test.  The  same  statement  is  repeated  by  Leffmann  and 
Beam.4  P.  Soltsien'  stated  that  he  had  met  with  American  lards 
which  gave  a  very  weak  reaction  with  Halphen's  test,  equivalent 
to  about  i  per  cent,  of  cottonseed  oil.  The  same  authority  reported 
at  a  later  date6  that  he  had  obtained  a  color  reaction,  also  with 
American  lards,  equivalent  to  that  given  by  a  mixture  containing 
25  per  cent,  of  cottonseed  oil.  The  lards  in  question  were  obtained 
by  a  member  of  the  German  Consulate  at  Chicago,  at  Armour  & 
Co's  establishment,  from  hogs  which  had  been  liberally  fed  on 
cottonseed  meal.  This  most  astounding  result  reported  by  Solt- 
sien has  not  been  corroborated  by  any  other  worker.  If  correct, 
it  almost  shakes  one's  belief  in  animal  metabolism. 

In  order  to  satisfy  ourselves  as  to  the  accuracy  of  the  several 
statements  above  quoted,  a  series  of  feeding  experiments  were 
planned  by  us  so  that  samples  of  lard  might  be  obtained  from  hogs 

1  BuH  Assoc.  Belg.  Cht'm.%  10,  404-416  (1899). 

%  Jakresber.  dffentl.  VeransiaU.  Fbrd.  Lamdw.  Norwtgtn  /,/.,  1897. 

1  "  Commercial  Organic  Analysis,"  Vol.  in,  Part  I,  third  edition,  p.  143. 

*  "  Pood  Analyaia,"  p.  169. 

*  Ztschr.  Ztfftnll.  Chtm.t  7,  25. 

*  /bid.,  7, 140  (1901). 
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which  had  received  varying  amounts  of  cottonseed  meal  as  a  part 
of  their  daily  rations.  Before  we  were  ready  to  begin  these,  it 
was  learned  that  Director  John  Fields,  of  the  Oklahoma  Experi- 
ment Station,  was  already  engaged  in  a  feeding  experiment  with 
cottonseed  meal,  arid  his  cooperation  was  therefore  solicited  and 
secured.  The  samples  of  lard  mentioned  below  were  rendered 
from  the  fat  of  the  hogs  he  was  using  in  the  feeding  test,  the  fol- 
lowing details  of  which  were  furnished  by  him.  Our  thanks  are 
due  Director  Field  for  his  cooperation.  Four  lots  of  hogs  were 
used,  each  lot  containing  six  animals.  All  of  them  had  been  fed 
uniformly  before  the  beginning  of  the  experiment,  and  all  of  them 
had  received  small  amounts  of  cottonsed  meal  in  their  ration.  The 
feeding  experiment  covered  a  period  of  fifty-six  days,  during 
which  time  the  following  rations  were  eaten : 

Lot  No.  i.  Lot  No.  3. 

2026  lbs.  wheat  chop.  1$^L'}f lbs#  cottonseed  meal. 

Lot  No.  2.  **&  lu  lb*.  wheat  chop. 
675Vs  lb*<  wheat  chop.  Lot  No.  4. 

337*/s  lb*-  wheat  bran.  661/.  lbs.  cottonseed  meal. 

1013  lbs.  wheat  middlings.  192878  lbs.  wheat  chop. 

When  the  animals  were  slaughtered,  a  piece  of  fat  about  two 
inches  square  was  taken  from  each  one.  Some  of  the  pieces  were 
taken  from  the  head,  and  some  from  other  portions  of  the  body, 
but  no  leaf  fat  was  included.  The  samples  taken  from  the  ani- 
mals belonging  to  each  lot  were  mixed  and  rendered,  and  the 
resulting  lard  sent  to  us.  These  lard  samples  were  received  and 
work  upon  them  completed,  before  receiving  any  information  con- 
cerning the  rations  fed  to  each  lot,  and  hence  our  observations 
were  free  from  any  unconscious  bias  that  might  have  resulted  had 
such  information  been  at  hand.  The  results  of  our  tests  are*  as 
follows : 

Lot  No.  1.  Lot  No.  a.       Lot  No.  3.        Lot  No.  4. 

Lab.  No.  893.       Lab.  No.  894.  Lab.  No.  895.   Lab.  No.  896. 

»«**« No«duction  ^aa?  jsk.  *&af 

Halphen's  test Faint  pink  Pink         ^^n      ttghtpink 

Approximate  amount  cot- 
tonseed oil1 1.2%  2.$%  4.0%  2.0% 

Iodine  number 55.48  59-9©  52.96  53.03 


MaumeneVs 
test 


Rise  m 

temp.  . . .  25.90  25.70  23.50  26.0* 


Sp.  temp. 

reaction1  0.64  0.63  0.58  0.64 

1  Obtained  by  comparison  with  known  mixtures.    *  Rite  in  temperature  of  water,  40.50. 
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The  cottonseed  oil  used  in  the  known  mixtures  for  comparison, 
was  the  same  as  previously  mentioned.  Check  tests  were  made 
upon  lard  from  animals  which  had  never  been  fed  cottonseed 
meal,  and  in  no  case  was  the  slightest  coloration  manifested. 

These  results  confirm  the  observations  of  others  that  cottonseed 
meal  will  impart  the  characteristic  color-producing  power  of  the 
corresponding  oil,  to  the  fat  of  animals  which  eat  it.  They  show 
a  more  decided  reaction  with  Halphen's  test  than  indicated  by 
Allen,  Wauters,  and  other  authorities  quoted,  but  are  very  far 
from  corroborating  the  recent  statement  of  Soltsien.  They  fur- 
ther show  that  the  color-producing  power  of  the  cottonseed  oil  is 
very  persistent  when  once  introduced  into  the  fat  of  an  animal. 
Lots  i  and  2  had  received  no  cottonseed  meal  in  their  ration  for 
fifty-six  days,  and  yet  the  lard  from  their  fat  showed  a  coloration 
with  Halphen's  reagent  equivalent  to  1.2  per  cent,  and  2 A  per 
cent,  of  cottonseed  oil,  lot  No.  2  showing  even  a  greater  coloration 
than  lot  No.  4  which  had  eaten  661/6  pounds  of  cottonseed  meal 
during  the  feeding  period. 

We  propose  carrying  on,  as  soon  as  practicable,  the  feeding  ex- 
periments originally  planned,  in  order  to  continue  our  study  of 
the  effect  of  feeding  cottonseed  meal,  upon  lard  in  its  relation  to 
Halphen's  test. 

Summarizing  the  points  above  emphasized  we  have  the  follow- 
ing: 

First. — Cottonseed  oil  is  rendered  inactive  toward  Halphen's 
reagent  by  heating  to  26o°-270°  C. 

Second. — The  intensity  of  the  reaction  is  very  greatly  dimin- 
ished by  heating  the  oil  to  220°-240°  C. 

Third. — It  is  possible  that  cottonseed  oil  may  be  heated  to  2800 
C.  without  injuring  it,  and  reasonably  certain  that  a  temperature 
of  220°-240°  C.  will  not  render  it  unfit  for  use  as  an  article  of  food, 
either  alone,  or  as  part  of  a  mixture. 

Fourth. — Lard  from  animals  fed  on  cottonseed  meal  may  re- 
spond to  Halphen's  reagent  with  an  intensity  of  coloration  equiv- 
alent to  several  per  cent,  of  unheated.  cottonseed  oil. 

It  naturally  follows  from  these  facts  that  a  mixture  of  fats  or 
oils  may  be  prepared  containing  at  least  25  per  cent,  of  cottonseed 
oil  which  has  been  heated  to  220°-240°  C,  or  a  much  larger  per- 
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centage  if  heated  to  250°-26o°  C,  which  will  give  a  coloration 
with  Halphen's  reagent  not  more  intense  than  that  obtained  with 
lard  from  cottonseed  meal-fed  hogs.  Under  such  conditions  the 
value  of  the  test  for  diagnostic  purposes  is  somewhat  questionable, 
especially  in  its  application  to  the  analysis  of  lard.  It  is  claimed 
by  lard  manufacturers  and  cottonseed  oil  refiners  that  the  oil  is 
never  heated  to  such  a  high  temperature.  This  may  be  true,  but  it 
is  nevertheless  desirable  that  chemists  should  be  on  their  guard, 
and  not  place  too  much  reliance  upon  this  comparatively  new  test. 
For  normal,  uriheated  oil,  its  value  is  unquestioned ;  but  in  view  of 
the  facts  above  discussed,  its  limitations  should  not  be  overlooked. 
The  analytical  work  in  this  paper  was  performed  by  Mr.  R.  W. 
Thatcher,  assistant  chemist  of  the  Washington  Experiment  Sta- 
tion, to  whom  our  thanks  are  due. 
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ORDINARY  PRAIRIE  SOIL  UNDER  VARIOUS 

TREATMENTS,1 

By  Cyril  G.  Hopkins. 

Received  August  18,  190a. 

Many  different  farmers  have  tried  to  grow  alfalfa  in  various 
sections  of  Illinois  and  adjoining  states,  but,  in  most  cases,  it  has 
been  pronounced  a  failure.  Where  alfalfa  has  been  grown  with 
success  in  Illinois,  it  has  usually  been  necessary  to  sow  it  on  very 
rich  ground  or  to  keep  it  well  manured. 

In  theory,  alfalfa  ought  to  grow  and  do  well  on  these  prairie 
soils,  and  it  ought  not  to  require  heavy  and  frequent  applications 
of  manures,  because  alfalfa  is  a  very  deep  rooting  crop  and  is 
thus  capable  of  drawing  upon  the  soil  to  great  depths  for  the 
necessary  mineral  elements  of  plant  food,  and,  being  a  leguminous 
plant,  it  has  the  power  of  "gathering"  nitrogen  from  the  inex- 
haustible supply  of  the  air,  by  means  of  bacteria  which  inhabit 
its  roots. 

.  "Numerous  observations  made  on  several  fields  of  alfalfa  in  dif- 
ferent sections  of  the  country  during  the  past  few  years  led  the 

1  Prom  advanced  sheets  of  Bulletin  No.  76  of  the  University  of  niinois  Agricultural 
Experiment  Station. 
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writer  to  question  whether  alfalfa  has  the  power  to  secure  nitrogen 
from  the  atmosphere,  when  grown  on  these  prairie  soils.  First,be- 
cause,  in  nearly  every  field  examined,  the  plants  presented  the  same 
peculiar  appearance  which  plants  show  when  grown  under  artificial 
conditions  with  an  insufficient  supply  of  nitrogen.  Second,  be- 
cause, in  none  of  the  fields  where  alfalfa  presented  this  appear- 
ance could  there  be  found  any  tubercles,  or  nodules,  upon  the  roots 
of  the  alfalfa.  Third,  because  liberal  applications  of  barnyard 
manure  produced  a  vigorous  growth  and  a  natural  and  healthy 
appearance. 

In  order  to  investigate  the  question,  why  Illinois  soil  does  not 
more  generally  produce  good  crops  of  alfalfa,  a  series  of  experi- 
ments was  begun  about  a  year  ago.  These  experiments  compre- 
hended the  application  of  various  elements  of  fertility  to  ordinary 
black  prairie  soil,  both  singly  and  in  combinations,  and  both  with 
and  without  the  inoculation  of  the  soil  with  the  alfalfa  bacteria; 
that  is,  with  the  bacteria  which  are  known  to  live  upon  the  alfalfa 
root  in  other  sections  of  the  country.  These  experiments  have 
been  carried  on  in  the  pot  culture  laboratory  under  controlled  con- 
ditions and  also  on  plots  of  ground  under  field  conditions. 

POT  CULTURE  EXPERIMENTS. 

The  pot  culture  experiments  were  planned  with  a  twofold 
object;  first,  to  test  the  effect  of  applying  different  elements  of 
plant  food  to  the  soil  to  determine  the  value  of  such  applications 
for  the  growing  of  alfalfa,  and,  second,  to  determine  the  effect 
upon  the  growth  of  alfalfa  of  inoculating  the  soil  with  the  bacteria 
which  are  able  to  live  upon  the  roots  of  alfalfa  and  gather  nitrogen 
from  the  air  for  use  of  the  growing  plant 

Applications  of  Different  Elements  of  Plant  Food. 

These  pot  cultures  comprise  a  double  set  of  our  regular  series 
of  experiments  adopted  for  investigating  soils  by  pot  cultures, 
which  is  as  follows : 

Twelve  pots  are  all  filled  with  the  soil  to  be  investigated  and 
they  are  then  treated  with  the  following  applications : 

Pot  No.     I— Check.     (Nothing  applied). 

Pot  No.    2 — Lime. 

Pot  No.    3 — Lime  and  nitrogen. 


FIXATION  OP  ATMOSPHERIC  NITROGEN.  1 1 57 

Pot  No.    4 — Lime  and  phosphorus. 

Pot  No.    5 — Lime  and  potassium. 

Pot  No.    6— Lime,  nitrogen  and  phosphorus. 

Pot  No.    7-^-Lime,  nitrogen  and  potassium. 

Pot  No.    8 — Lime,  phosphorus  and  potassium. 

Pot  No.    9 — Lime,  nitrogen,  phosphorus  and  potassium. 

Pot  No.  io — Nitrogen,  phosphorus  and  potassium. 

Pot  No.  ii— Cheek. 

Pot  No.  12— Check. 

The  first  ten  pots  really  make  the  complete  series.  Pots  1 1  and 
12  are  extras,  or  additional  checks. 

There  is  a  double  trial  as  to  the  value  of  an  application  of  lime. 
First,  by  comparison  between  I  and  2,  which  shows  the  effect  of 
applying  lime  alone.  Second,  by  comparison  between  g  and  io, 
which  shows  the  effect  of  applying  lime  after  insuring  a  sufficient 
supply  of  each  of  the  elements,  nitrogen,  phosphorus,  and  potas- 
sium. 

Pots  3,  4,  5,  6,  7,  8  and  9  will  show  the  effect  of  applying  to  the 
soil,  nitrogen,  phosphorus,  and  potassium,  singly  and  in  all  pos- 
sible combinations,  and  in  all  cases,  after  a  sufficient  quantity  of 
lime  has  been  added  to  neutralize  acidity. 

In  the  following  tables  and  in  the  photographs,  o  (zero)  means 
no  fertilizer;  L  means  lime;  N  means  nitrogen;  P  means  phos- 
phorus; K  means  potassium  (kalium). 

Inoculation  with  Alfalfa  Bacteria. 

As  stated  above,  two  series  of  pot  cultures  were  made  with 
alfalfa,  each  of  which  received  the  applications  of  the  different 
elements  of  plant  food  as  described  above.  One  of  these  two 
series  of  twelve  pots  each  was  inoculated1  with  the  alfalfa  bac- 
teria ;  the  other  series  was  not.  In  all  other  respects  the  two  series 
were  treated  exactly  alike.  All  of  the  pots  were  filled  with  ordi- 
nary Illinois,  black,  prairie  soil,  and  twenty-five  alfalfa  seeds  were 
planted  in  each  pot.  They  were  kept  in  the  glass  house  and  were 
watered  with  very  clear  rain-water  which  was  practically  free 
from  nitrogen,  but  which  contained  a  trace  of  lime  dissolved  from 
a  new  cistern  in  which  it  was  stored. 

1  The  inoculating  solution  was  made  by  shaking  500  grams  of  soil  (obtained  from  an 
old  alfalfa  field  in  Kansas)  with  1000  cc.  of  water,  and  allowing  it  to  settle  for  a  few  min- 
One  cc  of  the  liquid  was  used  for  each  alfalfa  seed  planted. 


1158 


CYRIL  G.  HOPKINS. 


The  pots  were  all  planted  in  June,  1901.  The  seeds  germi- 
nated quite  well  and  a  fairly  uniform  stand  was  secured  in  all  of 
the  pots.  The  small  plants  grew  slowly  and  the  different  pots 
showed  no  very  marked  differences  for  several  months.  A  small 
crop  was  cut  from  all  the  pots  in  the  fall,  but  they  all  seemed  very 
much  alike  and  no  weights  of  the  cuttings  were  taken.  During  the 
winter  the  pots1  showed  some  marked  differences  in  the  growth  of 
the  alfalfa  and  the  weights  of  the  cuttings  of  each  pot  were  taken 
on  March  14,  1902,  but  they  are  not  reported  in  this  paper. 

Another  crop  was  cut  from  all  of  the  pots  on  April  23rd  and  the 

weights  of  the  alfalfa  secured  from  each  pot  are  given  in  Table  I. 

Table  I.— Alfalfa  Pot  Cultures;  Cut  April  23,  1902.    Weights  di 

Grams  per  Pot  and  Pounds  per  Acre. 


Serial 
No. 

Pot 
No. 

Treatment 
applied. 

Green 
alfalfa. 
Grama 
per  pot. 

Air-dry 

hay. 

Grams 

per  pot. 

Air-dry 

hay. 
Pound* 
per  acre. 

I 
I 

25 

37 

O  : 

0  :  Bacteria 

9 
37 

2 

9 

320 
1440 

2 
2 

26 
38 

L: 

Ir :  Bacteria 

12 
34 

2 
7 

3» 
1 120 

3 
3 

27 
39 

LN: 

LN  :  Bacteria 

38 
44 

9 
10 

1440 
1600 

4 
4 

28 
40 

LP: 

LP  :  Bacteria 

7 
44 

1 
10 

160 
1600 

5 
5 

*9 

41 

LK  : 

LK  :  Bacteria 

7 
32 

1 
7 

160 
1120 

6 
6 

30 
42 

LNP: 

LNP  :  Bacteria 

66 
79 

16 

19 

2560 
3040 

7 
7 

31 
43 

LNK: 

LNK  :  Bacteria 

55 

59 

11 
13 

I760 
2O80 

8 
8 

32 
44 

LPK: 

LPK  :  Bacteria 

7 
67 

1 
17 

l60 
2720 

9 
9 

33 
45 

LNPK  :               65 
LNPK  :  Bacteria  85 

16 
22 

2560 
3520 

10 
10 

46 

NPK: 

NPK  :  Bacteria 

68 
100 

20 

2640 
3200 

11 
11 

35 
47 

0  : 

0  :  Bacteria 

10 
24 

2 

5 

g 

12 
12 

48 

0  : 

0  :  Bacteria 

10 
34 

2 
7 

320 
1 120 

1  The  pots  used  were  10.5  inches  in  diameter,  so  that  one  gram  of  produce  per  pot  1 
responds  to  one  pound  per  square  rod  or  to  169  pounds  per  acre.  While  the  exact  yield 
per  pot  is  given  in  grams  in  the  tabular  statement,  the  computed  rate  of  yield  in  pounds 
per  acre  is  also  given  and  this  rate  of  yield  is  used  in  the  discussion  in  the  text.  This  is 
relatively  accurate  and  it  is  used  because  we  are  accustomed  to  the  basis  of 
acre.  Another  advantage  is  that  the  results  from  the  pot  cultures  thus 
easily  comparable  with  the  actual  field  results  which  are  given  in  the  following 
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Effect  of  Inoculation. 

The  seven  uninoculated  pots  receiving  no  nitrogen  made  com- 
paratively small  growth1  and  showed  uniformly  throughout  the 
period  of  nearly  six  weeks  the  characteristic  pale  yellowish  green 
color  indicative  of  an  insufficient  supply  of  nitrogen.  The  yields 
from  these  seven  pots  are  very  small,  in  no  case  exceeding  the  rate 
of  320  pounds  per  acre,  while  1650  pounds  per  acre  is  the  average 
yield  of  the  corresponding  inoculated  pots.  The  yield  from  the 
inoculated  pots  ranges  from  two  and  a  half  to  seventeen  times  the 
yield  from  (he  uninoculated  pots.  For  example,  the  most  favored 
pot  receiving  no  nitrogen  (serial  No.  8),  to  which  applications  of 
lime,  phosphorus,  and  potassium  were  made,  yielded,  when  unin- 
oculated, only  160  pounds  of  hay  per  acre,  while  2,720  pounds  per 
acre  was  the  yield  of  the  corresponding  inoculated  pot. 

The  crops  produced  on  the  seven  uninoculated  pots  receiving  no 
nitrogen  would  certainly  be  pronounced  a  failure,  but  the  inocu- 
lated pots  which  produced  yields  from  0.75  to  1.75  tons  of  alfalfa 
hay  per  acre  in  less  than  six  weeks  from  the  previous  cutting  give 
evidence  of  being  a  very  decided  success,  considering  that  this  is 
the  third  cutting  and  corresponds  to  the  third  clipping  in  the  field, 
which  is  frequently  too  light  to  pay  for  saving. 

Effect  of  Nitrogen  and  Bacteria, 

The  applications  of  nitrogen  produced  a  very  marked  increase 
in  yields,  but  it  is  interesting  to  note  that  even  these  artificial  sup- 
plies of  nitrogen  had  evidently  become  somewhat  depleted  by  the 
removal  of  the  previous  crops  and  were  no  longer  sufficient  for  the 
greatest  possible  growth  of  the  alfalfa;  and,  consequently,  in  every 
case  where  pots  receiving  nitrogen  were  also  inoculated,  a  notable 
increase  in  growth  and  yield  occurred.  In  the  most  favored  pots 
(serial  No.  9),  to  which  lime,  phosphorus,  and  potassium  were 
supplied  with  the  nitrogen,  this  increased  yield  produced  by  the 
bacteria  amounted  to  nearly  one-half  ton  per  acre,  the  uninoculated 
pot  yielding  at  the  rate  of  2,560  pounds  per  acre,  while  3,520 

1  It  may  be  observed  that  the  uninoculated  pots  receiving  phosphorus  or  potas- 
sium, or  both,  with  time,  but  without  nitrogen  (4,  5,  8)  yielded  even  less  than  the  uninocu- 
lated pott  which  received  lime  only  or  no  treatment  whatever  (1.  2,  ix,  12).  I  know  of  no 
explanation  for  this  unless  it  be  found  in  the  fact  that  the  yield  of  the  previous  crops  from 
these  fertilised  pots  was  larger  than  from  the  unfertilized  pots  and  the  supply  of  available 
nitrogen  had  been  correspondingly  reduced. 
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pounds  was  the  rate  of  yield  of  the  corresponding  inoculated  pot 

Effect  of  Phosphorus. 

Applications  of  phosphorus  (or  potassium)  without  bacteria  or 
nitrogen  (4,  5, 8)  are  of  no  value  to  the  alfalfa. 

Phosphorus  applied  to  the  inoculated  pots  or  to  the  uninocu- 
lated  pots  receiving  nitrogen  produced  a  very  marked  increase  in 
yield  in  every  instance.  These  results  confirm  the  indications  ob- 
served in  the  previous  crops  and  prove  conclusively  that,  after  pro- 
vision has  been  made  for  a  sufficient  supply  of  nitrogen,  applica- 
tions of  phosphorus  to  this  soil  were  greatly  to  the  advantage  of 
the  alfalfa  crop.  For  instance  where  lime  and  nitrogen  alone  were 
applied  ('3)  1,440  pounds  of  hay  per  acre  were  produced,  while 
2,560  pounds  was  the  rate  of  yield  where  phosphorus  was  added 
(6).  The  treatment:  lime,  nitrogen,  bacteria  (3),  produced  a 
yield  of  1,600  pounds,  which  was  increased  to  3,040  pounds  by  the 
addition  of  phosphorus  (6) .  Under  the  most  favorable  conditions 
without  phosphorus;  that  is,  with  lime,  nitrogen,  and  potassium 
(7),  the  yields  in  pounds  per  acre  were  1,760  and  2,080  without 
and  with  bacteria,  respectively,  and  these  yields  were  increased  to 
2,560  and  3,520  respectively,  by  the  addition  of  phosphorus  (9). 
The  inoculated  pot  receiving  lime  and  potassium  (5)  yielded  at  the 
rate  of  1,120  pounds  per  acre,  but,  where  phosphorus  was  added  to 
this  combination  (8),  the  yield  became  2,720  pounds. 

Effect  of  Potassium. 

Applications  of  the  element  potassium  produced  a  slight  in- 
crease in  yield  when  added  after  sufficient  nitrogen  was  provided 
(3,  7),  but  the  increase  becomes  more  marked  when  the  potassium 
is  added  after  both  nitrogen  and  phosphorus  have  been  supplied. 
For  example,  with  both  lime  and  phosphorus  added,  and  nitrogen 
accumulated  by  the  alfalfa  bacteria,  the  yield  was  1,600  pounds 
without  potassium  (4)  and  2,720  pounds  with  potassium  (8) ;  and, 
when  an  inoculated  pot  was  also  given  an  application  of  nitrogen 
(6),  it  yielded  at  the  rate  of  3,040  pounds  without  potassium  and 
3,520  pounds  with  potassium. 

It  should  be  remembered  that  no  conclusions  can  be  drawn  as  to 
the  relative  value  of  applying  lime  to  the  soil  used  because  of  the 
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fact  that  the  water  used  in  all  of  the  pots  contained  a  trace  of 
lime. 

'1  here  is  evidence  that  both  phosphorus  and  potassium  have  an 
indirect  value  aside  from  their  direct  value  as  plant  food  for  the  al- 
falfa. This  is  the  value  of  these  elements  to  the  bacteria.  Bac- 
teria themselves  are  living  plants,  and  while  they  are  microscopic 
in  size  they  are  almost  infinite  in  number,  and  their  multiplication 
and  development  are  largely  dependent  upon  the  supply  of  availa- 
ble mineral  elements  of  plant  food.  It  will  be  observed  that  a 
yield  of  2,080  pounds  per  acre  (7)  was  secured  without  the  addi- 
tion of  phosphorus.  The  yield  became  3,520  pounds  when  phos- 
phorus was  applied  (9).  This  increaseof  i,440poundsperacremay 
be  due  m  part  to  the  direct  value  of  the  phosphorus  to  the  alfalfa 
and  in  part  to  its  value  in  promoting  the  development  of  the  bac- 
teria and  thus  increasing  the  supply  of  nitrogen  which  the  bacteria 
secure  from  the  air  and  furnish  to  the  growing  alfalfa.  Again, 
the  addition  of  phosphorus  to  the  combination,  lime,  potassium, 
bacteria,  increased  the  yield  from  1,120  (5)  to  2,720  (8),  an  in- 
crease of  1,600  pounds  per  acre.  The  fact  that  the  soil  itself  con- 
tained sufficient  phosphorus  to  produce  a  yield  of  2,080  pounds 
(7)  tends  to  prove  that  the  first  960  pounds  of  this  1,600  pounds' 
increase  was  due  to  the  increased  development  of  the  bacteria  re- 
sulting from  the  additional  supply  of  available  phosphorus;  the 
remainder  of  the  increase,  640  pounds,  is  probably  due  to  both  the 
direct  and  the  indirect  value  of  the  phosphorus. 

Without  addition  of  potassium  the  maximum  yield  was  3,040 
pounds  (6)  ;  consequently  the  increase  in  yield  from  1,600  pounds 
(4)  to  2,720  pounds  (8),  resulting  from  the  addition  of  potassium 
to  the  combination,  lime,  phosphorus,  bacteria,  was  probably 
largely  due  to  the  increased  development  of  the  bacteria  in  the 
presence  of  a  larger  supply  of  available  potassium. 

The  field  experiments,  which  are  described  further  on,  give 
abundant  evidence  of  the  value  of  applications  of  lime  in  pro- 
moting the  development  of  the  alfalfa  bacteria. 

The  photographic  reproduction  of  the  six  pots  receiving  no 
artificial  fertilizer,  three  of  which  were  inoculated  and  three  unin- 
oculated,  as  they  appeared  on  May  nth,  less  than  three  weeks 
after  cutting  off  the  crops  discussed  above,  may  be  of  interest  (see 

:•  1). 
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Cuttings  made  from  these  six  pots  on  May  21st  just  four  weeks 
after  the  previous  cuttings,  gave  the  results  shown  in  Table  II. 

Table  II.— Alfalfa  Pot  Cultures  ;  Cut  May  21,  1902.    Weights  in 

Grams  per  Pot  and  Pounds  per  Acre. 

Green  Air-dry  Air-diy 

alfalfa.             hay.  hay. 

Serial              Pot         Treatment                      Grams  Grama  Pounds 

No.               No.           applied.                        per  pot.  perpoL  per  acre. 

I  25  o  :  7  I  160 

I  37  o  :  Bacteria  42  12  1920 

11  35  o  :  8  2  320 

11  47  o  :  Bacteria  33  8  1280 

12  36  o  :  6  2  320 
12              48               o  :  Bacteria           33               10               1600 

It  will  be  observed  that  the  highest  yield  of  the  three  uninocu- 
lated  pots  was  320  pounds  per  acre,  while  the  average  yield  of  the 
three  inoculated  pots  was  1,600  pounds, — five  times  as  great 
These  results  only  serve  to  confirm  those  secured  from  the  prece- 
ding crops,  and  to  show  the  value  of  the  inoculation  in  a  most  con- 
clusive manner. 

When  we  remember  that  the  twenty- four  pots  used  in  this  series 
of  experiments  were  all  filled  with  the  same  kind  of  well-mixed 
soil,  and  that  this  soil  is  fairly  representative  of  thousands  of 
square  miles  of  black  prairie  land  in  Illinois  and  adjoining  states, 
that  both  series,  of  twelve  pots  each,  were  kept  on  the  same  table 
in  the  greenhouse,  watered  at  the  same  times  with  exactly  the  same 
kind  of  water,  and  in  every  way  treated  exactly  alike,  except  that 
one  series  was  inoculated  with  alfalfa  bacteria  while  the  other 
series  was  not  inoculated,  then  these  most  positive  and  conclusive 
results,  as  shown  by  the  records  of  the  experiment,  including  the 
color  of  the  foliage,  the  height  of  the  growing  plants,  the  photo- 
graphic reproductions,  and  the  absolute  yields  per  pot  and  rate  of 
yield  per  acre,  seem  truly  remarkable  and  appear  to  be  of  tre- 
mendous importance  in  solving  the  question,  Why  is  alfalfa  so 
commonly  an  unsuccessful  crop  on  ordinary  prairie  soils  ? 

FIELD  EXPERIMENTS  WITH   ALFALFA. 

An  acre  of  ordinary  slightly  rolling  black  prairie  land,  capable 
of  yielding  70  bushels  of  corn  to  the  acre,  was  seeded  with  alfalfa 
in  June,  1901.  The  soil  was  considerably  better  than  ordinary 
cultivated  soil  (such  as  was  used  in  the  pot  culture  experiments). 
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Previous  to  1895,  it  had  been  in  pasture  for  at  least  eighteen  years, 
and  since  1897  it  had  been  in  meadow ;  thus,  only  three  grain  crops 
(corn  in  1895,  1896,  and  1897)  were  grown  on  this  soil  during  the 
past  twenty-five  years.  The  field,  which  was  8  rods  wide  east  and 
west,  and  20  rods  long  north  and  south,  exclusive  of  some  border 
and  division  strips,  was  divided  into  two  parts  by  a  line  running 
north  and  south,  and  into  five  parts  by  lines  running  east  and 
west.  The  west  part  of  the  acre  was  inoculated  with  soil  taken 
from  an  old  alfalfa  field  in  Kansas.  The  five  divisions  from  north 
to  south  were  fertilized  as  follows : 

Plot  No.  1 — Check  (nothing  applied). 

Plot  No.  2 — Lime. 

Plot  No.  3 — Lime  and  phosphorus. 

Plot  No.  4 — Lime  and  potassium. 

Plot  No.  5 — Lime,  phosphorus,  and  potassium. 

The  rates  applied  per  acre  were :  320  pounds  of  air-slaked  lime, 
320  pounds  of  bone-meal  (containing  30  per  cent,  phosphoric 
oxide),  and  160  pounds  of  crude  potassium  sulphate. 

The  infected  alfalfa  soil  was  applied  at  different  rates  of  seed- 
ing on  narrow  strips  running  north  and  south  on  the  west  half  of 
the  field,  the  lightest  application  (320  pounds)  being  on  the  west 
side,  and,  on  successive  strips  eastward,  the  rates  of  application 
were  640,  960, 1,280,  1,600,  and  1,920  pounds,  respectively.  Each 
of  these  strips  was  about  one-half  rod  wide.  A  good  stand  of 
young  plants  was  secured,  but  a  very  heavy  rain  storm,  which 
occurred  on  July  2nd,  washed  the  soil  somewhat,  and,  as  the  west 
side  of  the  field  was  somewhat  higher  than  the  east  side,  it  was 
feared  that  the  bacteria  might  be  carried  over  the  east  plots  and 
thus  inoculate  the  whole  field  to  some  extent,  which  afterward 
proved  to  be  the  case,  particularly  along  the  east  side  where  the 
water  stood  for  a  short  time.  The  southeast  quarter  of  the  field 
was  the  lowest  part,  and,  although  it  was  tile-drained,  the  water 
stood  on  it  long  enough  to  kill  most  of  the  alfalfa  plants.  Because 
of  these  occurrences,  the  results  of  the  experiment  are  probably 
not  so  marked  as  they  would  otherwise  have  been. 

During  the  summer  of  1901,  the  alfalfa  was  clipped  three  times, 
the  clippings  being  left  lying  on  the  field.  During  midsummer, 
the  weeds  seemed  to  grow  faster  than  the  alfalfa,  but  with  each 
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clipping  the  alfalfa  improved,  and  in  the  fall  the  stand  was  good 
where  it  had  not  been  injured  by  the  water  standing  on  it. 

No  marked  differences  were  noted  among  the  different  plots, 
excepting  that  the  alfalfa  made  a  much  more  vigorous  growth 
wherever  phosphorus  had  been  applied,  the  line  being  very  notice- 
able where  the  application  of  phosphorus  began. 

In  the  fall,  tubercles  were  found  in  abundance  upon  the  plants 
growing  in  the  strips  of  land  where  the  heaviest  applications  of  in- 
fected soil  were  made,  but  none  were  found  on  plants  in  the  unin- 
oculated  soil. 

In  the  spring  of  1902  the  alfalfa  began  to  grow  vigorously  and 
was  entirely  free  from  weeds,  but  within  a  short  time  some  very 
marked  differences  appeared  among  the  different  plots.  The  effect 
of  the  inoculation  became  very  apparent,  all  of  the  inoculated  soil 
producing  a  much  more  vigorous  growth  than  occurred  on  uninoc- 
ulated  soil,  and  the  more  vigorous  growth  was  accompanied  by  a 
dark  green,  healthy-looking  color  in  the  growing  alfalfa,  while  the 
plants  on  uninoculated  soil  took  on  a  pale  green  color  indicative  of 
an  insufficient  supply  of  nitrogen.  This  difference  in  growth  and 
color  between  inoculated  and  uninoculated  plants  was  very  marked 
even  where  no  fertilizer  was  applied,  but  it  was  more  marked 
where  lime  was  applied  and  still  more  marked  where  both  lime 
and  phosphorus  were  applied. 

Fig.  2  shows  the  effect  of  inoculating  soil  to  which  both  lime 
and  phosphorus  had  been  applied,  the  inoculated  soil  producing  a 
markedly  increased  growth  of  alfalfa  over  the  uninoculated  soil. 
The  label  stakes  are  two  feet  high  and  serve  as  a  measure  of  the 
height  of  the  alfalfa.  The  difference  in  thickness  of  stand  can 
be  seen  but  the  difference  in  color  between  the  inoculated  and  un- 
inoculated alfalfa  is  not  brought  out  in  the  figure.  To 
the  southeast  may  be  seen  the  patch  of  ground  where  the  alfalfa 
was  destroyed  by  water,  on  account  of  which  no  results  were  se- 
cured from  plots  4  and  5. 

Table  III  gives  the  yield  per  acre  of  air-dry  hay  from  one- 
thousandth  acre  plots,  the  inoculated  plots  being  measured  off  on 
the  strip  where  the  heaviest  application  of  infected  soil  was  made. 

It  will  be  seen  that  the  inoculated  plots  yielded  about  twice  as 
much  hay  as  the  uninoculated  plots. 
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Tabu  III.— Alfalfa  Field  Experiments;  First  Cutting  1902,  May  28. 

Weight  in  Pounds  per  Plot  and  per  Acre. 

Treatment  Green  alfalfa.         Air-dry  nay  Air-dry  bay. 

Plot  No.         applied.  Founds  per  plot.    Ponnda  per  plot.    Ponnda  per  acre. 

1  o:  5j  iA  1313 

1  o :  Bacteria  xx  2^  2563 

2  L :  6  1 A  1438 


2  L :  Bacteria  12  2}  2875 

3  LP:  .7*  i«  1938 
3               LP  :  Bacteria        15                       3f                       3625 

QUANTITATIVE    DETERMINATIONS    OF    THE    FIXATION    OF    ATMOS- 
PHERIC NITROGEN  BY  ALFALFA  WHEN  GROWN 

ON  ORDINARY  SOIL. 

The  investigations  of  Atwater  in  America,  Boussingault  and 
Ville  in  France,  Hellriegel,  Willfarth,  and  Nobbe  in  Germany, 
Lawes  and  Gilbert  in  England,  et  aj.,  have  fully  established  the 
scientific  facts:  (i)  that  leguminous  plants,  as  the  clovers,  peas, 
beans,  vetches,  alfalfa,  etc.,  have  the  power  to  gather,  or  accum- 
ulate, free  nitrogen  from  the  atmosphere;  (2)  that  this  fixation 
of  free  nitrogen  is  actually  accomplished  by  microscopic  organ- 
isms called  bacteria  which  live  in  little  nodules,  or  tubercles,  upon 
the  roots  of  the  legumes;  and  (3)  that,  for  different  species  of 
leguminous  plants,  there  are  also  different  species  of  "nitrogen- 
gathering"  bacteria.  Many  investigations  have  also  been  con- 
ducted to  determine  the  amounts  of  nitrogen  which  can  be  fixed 
by  different  leguminous  plants,  but  these  experiments  have  actually 
been  carried  on  in  pure  sand  cultures  under  conditions  which 
necessitate  that  all  nitrogen  which  the  legume  secures  must  be  ob- 
tained from  the  air. 

There  is  abundance  of  evidence  that  leguminous  plants  secure 
some  nitrogen  from  the  air  when  grown  in  ordinary  soil,  if  they 
are  provided  with  the  bacteria.  Indeed,  the  presence  of  the 
tubercles  upon  the  roots  is  one  of  the  evidences  that  free  nitrogen 
is  being  fixed,  and  another  evidence  of  that  fact  is  found  in  the  bene- 
ficial effects  of  clover  and  other  legumes  in  crop  rotations.  It  is 
a  simple  matter  to  determine  how  much  nitrogen  is  contained  in  a 
ton  of  clover ;  but,  after  the  amount  is  determined,  it  still  remains 
a  question  as  to  how  much  of  the  nitrogen  was  taken  directly  from 
the  soil  and  how  much  was  secured  from  the  air,  and  a  question 
very  frequently  asked  is,  How  much  of  their  nitrogen  do  legumi- 
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nous  crops  obtain  from  the  air  and  how  much  do  they  actually  take 
from  the  soil  ? 

The  pot  culture  and  field  experiments  described  in  the  prece- 
ding pages  were  conducted  on  ordinary  soil  and  in  such  a  manner 
that  it  can  be  determined  with  a  high  degree  of  accuracy  how 
much  nitrogen  was  secured  from  the  air  by  the  alfalfa.  This  is 
due  to  the  fact  that,  in  all  cases,  alfalfa  was  grown  not  only  with 
bacteria  present  but  also  in  exactly 'similar  duplicate  pots  or  plots 
with  bacteria  absent  and  the  difference  between  the  amounts  of 
nitrogen  contained  in  the  crop  from  the  inoculated  soil,  on  the  one 
hand,  and  in  the  crop  from  the  uninoculated  soil,  on  the  other 
hand,  represents  the  amount  of  nitrogen  which  was  secured  from 
the  atmosphere  by  the  bacteria.  Probably  in  no  case  will  this 
amount  be  larger  than  the  actual  truth1 ;  but.  if  the  soil  which  was 
not  intentionally  inoculated  had  nevertheless  to  some  extent  be- 
come infected  with  alfalfa  bacteria  by  cross  inoculation,  then  the 
amount  of  nitrogen  actually  secured  from  the  air  would  be  even 
larger  than  represented  by  these  determinations. 

•  Fixation  of  Nitrogen  by  Pot  Cultures. 

Table  IV  gives  in  pounds  per  acre  the  amounts  of  dry  matter 
and  of  nitrogen  in  the  crops  cut  from  the  pot  cultures  on  April  23, 
1902 ;  also  the  percentage  of  nitrogen  in  the  dry  matter  and  the 

Table  IV.— Fixation  of  Nitrogen  by  Alfalfa  in  Pot  Cultures  ; 

Crops  Cut  April  23,  1902. 


Serial 
No 

Pot 
No. 

Treat- 
ment 
applied. 

Dry 

matter 

in  crop. 

Pounds 

per  acre. 

Nitrogen 
in 
dry 
matter. 
Per  cent. 

Nitrogen 

in 

crop. 

Pounds 

per  acre. 

Nitrogen 

fixed. 

by  bacteria. 

Pounds 

per  acre. 

1 

*5 

0  : 

280 

2.6l 

7.31 

■  •  •  • 

1 

37 

0  :  Bacteria 

1300 

4.09 

53.17 

45-W 

2 
2 

26 

38 

L: 

L  :  Bacteria 

280 
IOIO 

3-47 
4.24 

9.72 
42.82 

... 
33.10 

3 
3 

27 

39 

LN  : 

LN  :  Bacteria 

T280 
HSO 

4.48 
448 

57.31 
64.96 

.... 
7.65 

4 
4 

28 
40 

LP: 

LP  :  Bacteria 

I40 
1440 

2.78 
4.08 

JSt 

•  •  •  m 

54-87 

5 
5 

29 
4i 

LK: 

LK  :  Bacteria 

140 
10 10 

359 
4.20 

503 
42.42 

•  •  •  • 
3739 

1  It  is  possible,  of  course,  that  the  inoculated  plants  might  secure  somewhat  larger 
supplies  of  nitrogen  from  the  soil  because  of  their  more  fully  developed  root  system  ;  bat 
It  should  still  be  borne  in  mind  that  any  such  increased  root  development  is  due  to  the  in- 
oculation. 
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Serial 
No. 

Pot 

No. 

Treat- 
ment 
applied. 

Dry 

matter 

in  crop. 

Pounds 

per  acre. 

Nitrogen 

in 

dry 

matter. 

Percent 

Nitrogen 
in 

crop. 

Pounds 
per  acre. 

Nitrogen 
fixed 
by  bacteria. 
Pounds 
per  acre. 

6 
6 

30 
43 

LNP: 

LNP  :  Bacteria 

2280 
2780 

4.53 
4.06 

103.19 
II2.87 

•  • .  • 
9-32 

7 
7 

31 
43 

LNK  : 

LNK  :  Bacteria 

1570 
1890 

4.70 
4.38 

S3 

k  •  . 
8.99 

8 
8 

32 

44 

LPK: 

LPK  :  Bacteria 

140 
2480 

3.15 
3.82 

4.41 
94.74 

.  •  •  • 
9O.33 

9 
9 

33 
45 

LNPK  :                 2300 
LNPK  :  Bacteria  3230 

• 

4.09 
4.00 

94.07 
129.20 

•  a  •  • 
25.13 

10 
10 

34 
46 

NPK  : 

NPK  :  Bacteria 

2370 
2940 

4.14 
4.36 

98  j  2 
128.18 

•  •  •  • 
30.06 

11 

35 

0  : 

280 

2.63 

7.36 
31.68 

.... 

11 

47 

0  :  Bacteria 

730 

4.34 

24.32 

13 

12 

36 
48 

0: 

0  :  Bacteria 

280 
I020 

2.64 
4.18 

739 
42.65 

.  .  •  . 
3526 

amounts  of  nitrogen  per  acre  obtained  from  the  atmosphere  by  the 
alfalfa  bacteria  in  the  inoculated  pots. 

Where  neither  nitrogen  nor  bacteria  were  added  to  the  soil,  all 
of  the  nitrogen  removed  in  the  crops1  must  have  been  derived  from 
the  original  soil.  In  the  three  series  of  pots  receiving  no  fer- 
tilizers (1,  11.  and  12)  the  crops  from  the  uninoculated  pots  con- 
tained 7.31,  7.36,  and  7.39  pounds  of  nitrogen  per  acre,  respectively, 
while  53.17,  31.68,  and  42.65  pounds  of  nitrogen  in  the  crop  are 
the  respective  rates  per  acre  of  the  corresponding  inoculated  pots. 
The  average  of  these  is  42.50  pounds  for  the  three  inoculated  pots 
and  7.35  pounds  for  the  three  uninoculated  pots,  making  an  aver- 
age difference  of  35.15  pounds  in  favor  of  inoculation.  In  other 
words,  as  an  average  of  three  separate  determinations,  with  no  ap- 
plication of  plant  food,  the  bacteria  "gathered"  and  "fixed"  and 
furnished  to  the  growing  alfalfa  more  than  35  pounds  of  nitrogen 
per  acre.  At  the  present  average  price  for  nitrogen  in  commercial 
fertilizers  (15  cents  a  pound)  these  35  pounds  of  nitrogen  are 
worth  $5.25. 

The  addition  of  potassium  without  phosphorus  (5)  gave  no  in- 

1  The  amounts  of  nitrogen  given  may  possibly  be  too  high  for  some  of  the  uninoculated 
pots,  because  of  tome  cross  inoculation.  The  inoculated  and  uninoculated  aeries  of  pots 
stood  aide  by  side  on  the  same  table,  and  either  spattering  of  water  or  more  likely  the 
carrying  of  infected  soil  by  ants  (which  were  frequently  found  in  the  pots)  or  other  in- 
sects, finally  transferred  some  bacteria  to  the  uninoculated  series,  which  fact  became  evi- 
dent, later  in  the  season  of  1903,  by  the  development  of  tubercles,  and  the  markedly  in- 
growth of  an  occasional  plant  in  the  uninoculated  pots. 
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crease  in  the  amount  of  nitrogen  fixed.  With  phosphorus  added 
to  the  soil  (4),  the  nitrogen  in  the  crop  was  increased  by  the 
presence  of  the  bacteria  from  3.89  pounds  to  58.76  pounds  per 
acre,  54.87  pounds  of  nitrogen  per  acre  having  been  fixed  by  the 
bacteria. 

Under  the  most  favorable  conditions,  when  both  phosphorus  and 
potassium  were  applied  (8),  still  more  marked  results  were  ob- 
tained, the  nitrogen  in  the  crop  having  been  increased  from  441 
to  94.74  pounds  per  acre  by  the  bacteria;  that  is,  the  bacteria 
gathered  nitrogen  from  the  air  at  the  rate  of  mdre  than  90  pounds 
per  acre,  which  was  utilized  by  the  growing  alfalfa.  At  market 
prices,  the  nitrogen  gathered  is  worth  $13.50  per  acre. 

It  is  of  interest  to  observe  that  even  in  the  pots  to  which  ap- 
plications of  nitrogen  had  been  made  (3, 6,  7, 9,  10)  some  nitrogen 
was  fixed  when  the  soil  was  inoculated,  ranging  from  7.65  pounds 
per  acre  (3),  with  no  addition  of  phosphorus  or  potassium,  to 
25.13  and  30.06  (9  and  10)  pounds  per  acre  under  the  most  favor- 
able conditions,  with  applications  of  all  mineral  elements. 

Usually  small  immature  plants  contain  much  higher  percent- 
ages of  nitrogen  than  do  more  fully  developed  plants,  but  it  will 
be  seen  from  Table  IV  that,  without  exception,  the  heavy  crops  of 
alfalfa  contained  much  higher  percentages  of  nitrogen  than  the 
lighter  crops.  Triplicate  determinations  of  nitrogen  in  the  crops 
from  unfertilized  pots  (1,  11  and  12)  showed  2.61  2.63  and  2.64 
per  cent,  of  nitrogen  in  the  dry  matter  from  uninoculated  pots 
yielding  only  280  pounds  of  dry  matter  per  acre,  and  4.09, 4.34,  and 
4.18  per  cent,  of  nitrogen  in  the  dry  matter  from  the  inoculated  pots 
with  an  average  yield  of  more  than  1,000  pounds  per  acre.  A 
similar  effect  was  produced  in  all  cases,  whether  nitrogen  was 
added  as  a  nitrogenous  fertilizer  or  gathered  by  the  bacteria, — all 
of  which  tends  to  prove  that,  with  insufficient  nitrogen,  the  plants 
make  as  much  growth  as  possible  until  the  fixation  of  carbon  is 
practically  stopped  by  the  lack  of  nitrogen,  as  indicated  by  the  pale 
yellowish  green  color  of  the  foliage. 

Table  V  shows  the  data  relating  to  the  fixation  of  nitrogen  from 
the  next  cutting  (May  21st)  of  the  six  unfertilized  pots  (1,11,12), 
three  of  which  were  inoculated. 
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Tabu  v.— Fixation  op  Nitrogen  by  Alfalfa  in  Pot  Cultures;  Crops 

Cut  May  21,  1902. 


Dry  matter 
in  crop. 
Treatment              Pound* 

Nitrogen 
in  dry 

Nitrogen 
in  crop. 
Poands 

Nitrogen  fixed 
by  bacteria. 

Serial 

Pot 

matter. 

Pounds 

No. 

No. 

applied.               per  acre. 

Per  cent 

per  acre. 

per  acre. ' 

I 

25 

0 :                    140 

2.69 

3.77 

•  •  • 

I 

37 

0  :  Bacteria    1720 

352 

60.60 

56.83 

II 

35 

0 :                    280 

2.47 

6.91 

•  •  •  • 

II 

47 

0  :  Bacteria    1170 

369 

43.18 

36.27 

12 

36 

0 :                    280 

2.6l 

7.31 

•  •  •  • 

13 

43 

0  :  Bacteria    1460 

366 

53.48 

46.17 

These  results  only  confirm  those  of  the  previous  cutting  and 
show  that  on  ordinary  unfertilized  Illinois  soil  the  alfalfa  bacteria 
were  capable  of  fixing  46.42  pounds  of  nitrogen  per  acre,  as  the 
average  of  the  three  separate  determinations. 

The  average  percentage  of  nitrogen  in  the  dry  matter  of  the 
crops  from  the  three  uninoculated  pots  was  2.59,  while  3.62  is  the 
average  percentage  from  the  three  inoculated  pots. 

Fixation  of  Nitrogen  in  Field  Experiments. 

Table  VI  gives  the  same  data  for  the  field  experiments  as  are 
given  in  Tables  IV  and  V  for  the  pot  cultures.  These  determina- 
tions were  made  on  the  crops  cut  from  the  exact  thousandth -acre 
plots  on  May  28,  1902. 

Tabu  VI.— Fixation  op  Nitrogbn  by  Alfalfa  in  Field  Experiments; 

Crops  Cut  May  28, 1902. 

Dry  matter 
in  crop. 
Plot         Treatment  Pounds 

No.  applied.  per  acre. 

1  O  :  Il8o 
i              o  :  Bacteria    2300 

2  L :  1300 

2  L  :  Bacteria    2570 

3  LP  :  1740 
3              LP  :  Bacteria  3290 

These  results  secured  under  field  conditions  on  good  black 
prairie  soil  are  in  perfect  agreement  with  the  results  from  the  pot 
culture  experiments,  the  amount  of  atmospheric  nitrogen  fixed  by 
the  alfalfa  bacteria  being  40.23  pounds  per  acrg  on  the  unfertilized 
plot,  41.82  pounds  on  the  limed  plot,  and  53.65  pounds  per  acre  on 
the  plot  receiving  both  lime  and  phosphorus.    Almost  two-thirds 


Nitrogen 

in  dry 

matter. 

Per  cent. 

Nitrogen 
in  crop. 
Pounds 

per  acre. 

Nitrogen  fixed 

by  bacteria. 

Pounds 

per  acre. 

I.85 

2I.8I 

a  •  •  • 

2.70 

62.04 

40.23 

2.02 

26.20 

•  •  •  • 

2.65 

68.02 

41.82 

2.03 

35.40 

•  ■  •  • 

2.71 

89.05 

53^5 
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of  the  total  nitrogen  contained  in  the  crop  from  the  inoculated  un- 
fertilized plot  (1)  was  secured  from  the  atmosphere  by  the  alfalfa 
bacteria.  It  should  be  borne  in  mind  that  nitrogen  is  required  for 
root  growth  as  well  as  for  growth  above  ground  and  also  that 
these  amounts  were  obtained  from  a  single  crop  of  alfalfa,  and 
that  three  or  four  crops  will  be  cut  during  the  season.  From  the 
data  already  given,  it  will  be  seen  that  on  the  unfertilized  soil  four 
such  crops  as  that  cut  on  May  28th  from  the  inoculated  plot 
would  mean  at  least  160  pounds  of  atmospheric  nitrogen  fixed  by 
an  acre  of  alfalfa  during  a  single  year,  and  this  would  require  a 
total  yield  of  only  about  five  tons  of  alfalfa  hay  for  the  season, 
which  is  by  no  means  a  maximum  yield  for  alfalfa  on  Illinois  soil 
under  the  most  favorable  conditions,  as  has  been  shown  in  the 
preceding  pages. 

The  percentage  of  nitrogen  is  much  higher  in  the  crops  from 
the  inoculated  plots,  the  average  being  1.97  per  cent,  in  the  dry 
matter  for  the  uninoculated  plots  and  2.69  for  the  inoculated  plots. 
This  means,  of  course,  that  the  hay  produced  on  the  inoculated 
plots  is  not  only  more  in  quantity,  but  it  is  also  much  better  in 
quality,  the  percentage  of  protein  averaging  only  12.29  in  the  dry 
matter  of  the  uninoculated  crops,  while  16.84  *s  the  average  per- 
centage for  the  inoculated  plots. 

University  of  Illinois  Agricultural 
Expkrimbht  Station. 
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Three  of  our  northeastern  states  have  laws  which,  if  enforced, 
strictly  prohibit  the  sale  of  all  intoxicating  liquors  and  of  some 
which  are,  perhaps,  not  intoxicating.  In  two  of  these  States 
the  statutes  use  the  phrase  "Malt  Liquors"  of  any  kind,  and 
prosecutions  have  been  brought  in  large  numbers  under  this  sec- 
tion. To  obtain  convictions,  therefore,  it  has  been  necessary  to 
convince  the  judge  or  jury  that  the  beer  in  question  was  brewed 

*  Read  at  the  Pittsburg  Meeting  of  the  American  Chemical  Society. 
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in  part,  at  least;  from  malt,  for  it  has  quite  properly  been  held  in 
the  lower  courts  that  a  malt  liquor  is  one  which  has  had  germi- 
nated grain  or  some  preparation  of  malt  used  in  its  brewing.  The 
question,  therefore,  submitted  to  chemists  has  not  been  the  simple 
one  of  alcohol  content 

In  looking  over  the  literature  of  the  subject  almost  nothing  will 
be  found  bearing  on  this  phrase  of  the  question.  Much 
has  been  written  on  the  essential  constitution  of  pure 
malt  liquors  and  many  analyses  have  been  made  to 
prove  that  certain  beverages  were  up  to  standard  and  that 
foreign  substances  had  not  been  used  in  their  preparation. 
Here,  however,  it  is  not  to  find  adulteration  but  to  prove  positively 
that  the  main  source  of  a  first  quality  beer  was  used.  This  would 
perhaps  seem  easy  from  appearance  alone  but  there  are  beers  on 
the  market  in  these  States,  with  the  main  physical  properties  of 
lager  or  ale,  which  analyze  quite  differently  from  the  pure  malt 
liquors  and  the  representative  of  at  least  one  of  the  manufacturers 
has  frequently  taken  oath  that  absolutely  no  malt  or  preparation  of 
malt  was  used  in  their  manufacture.  The  point  at  issue  becomes 
then  very  much  the  same  as  if  the  chemist  was  asked  to  prove,  by 
analysis,  that  oleomargarine  contained  no  butter  and,  if  the 
amounts  of  malt  or  butter  are  small,  the  solution  in  either  case  is, 
at  the  present  time,  equally  impossible.  The  claim  has  been  made 
that  maltose  is  a  characteristic  which,  if  found,  would  satisfy  the 
meaning  of  a  malt  liquor  but  the  contention  has  naturally  met 
with  about  as  much  success  as  if  the  presence  of  butter  in  oleo- 
margarine was  claimed  because  stearine  was  present. 

If  we  try  to  find  any  one  constituent  of  malt  which  is  absolutely 
characteristic  of  that  substance  and  which  will  be  unchanged  in 
the  finished  beer  we  immediately  encounter  difficulties.  Diastase, 
formed  in  the  germinating  grain,  is  destroyed  when  the  beer  wort 
is  boiled  previous  to  its  fermentation.  Maltose  and  dextrine  are 
large  constituents  of  the  glucose  which,  as  the  analyses  to  follow 
will  indicate,  and  as  most  brewers  admit,  is  now  quite  generally 
used  in  brewing.  Alcohol  can  arise  from  sugar  of  any  kind. 
Sykes,1  Osborne,2  Osborne'  and  Campbell,*  E.  Erich,4  and  H. 

*  Transaction*  Institute  of  Brewing,  4, 173  (1891). 

*  Am.  Chtm. /.,  17, 499.  539 (1895). 

*  /Ml.,  18, 549. 

*/.  Soc.  Ckem.  fnd,  (1896),  p.  366. 
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Schjerning1  have  given  much  careful  study  to  the  various 
albuminoses,  proteoses,  etc.,  of  grain,  malt  and  beer  wort  but  none 
of  these  substances  appears  to  persist  in  an  unchanged  form  in 
the  beer,  so  that  its  individual  presence  could  be  used  as  a  proof 
of  its  source.  The  bitter  principle  present  has  no  bearing  on  the 
case.  The  extended  investigations  of  O'Sullivan  published  in  the 
Journal  of  the  Chemical  Society  and  .elsewhere  throw  no  light  on 
this  problem.  The  study  of  the  spectra  of  the  coloring-matter  of 
malt  by  H.  C.  Sorby*  shows  it  to  be  characteristic  but  again  it  is 
much  modified  in  beer  and,  while  this  field  seems  worthy  of  ex- 
ploration, has  not  been  sufficiently  investigated. 

Grain  and  sugar  of  some  form,  generally  glucose,  are  the  only 
forms  of  malt  substitutes  from  which  beers  are  brewed.  Of  the 
various  sugars  used,  all  have  one  characteristic  in  common  in  that 
they  contain  little  or  no  nitrogenous  matter  or  phosphates.  Also, 
while  glucose  has  a  considerable  and  varying  amount  of  ash  it  is 
of  a  distinctly  different  character  from  that  derived  from  malt 
On  the  contrary,  we  have  in  grain  of  any  kind  the  essential  con- 
stituents of  malt  with  the  exception  of  diastase.  Fortunately 
grain  can  only  be  used  in  brewing  when  mixed  with  malt  in  order 
that  the  necessary  diastase  may  be  furnished.  Therefore  it  may 
be  considered  as  malt  in  determining  whether  or  not  the  beer 
under  examination  was  a  malt  liquor.  The  ash  of  grain,  malted 
or  unmalted,  is  rich  in  phosphorus  and  potassium  and  poor  in 
sulphates.  The  ash  of  glucose  is  poor  in  the  first-mentioned  con- 
stituents but  is  usually  rich  in  sulphates.  The  nitrogenous  matter, 
the  phosphates,  which  are  also  characteristic  of  seed  products,  and 
many  of  the  constituents  of  the  ash  are  conveyed  in  quite  consider- 
able quantities  to  the  beer  and  give  it  its  chief  nutritive  value. 
The  bters  which  are  claimed  to  be  brewed  mainly  from  glucose 
show,  on  analysis,  little  nutritive  value.  This  is  to  be  expected  if 
the  claims  are  true.  The  hops  carry  some  of  the  above  con- 
stituents in  both  cases  to  the  beer.  Also  I  am  told  by  the  manu- 
facturer of  the  only  really  successful  imitation  malt  liquor  on  the 
market,  which  is  claimed  to  use  glucose  as  its  sole  source  of  alco- 
hol, that  they  are  obliged  to  add  some  soluble  "French  albumin'* 
in  order  to  get  their  yeast  to  work  and  that  then,  although  they 

1  ZUchr.  anal.  Cfum..  jj,  285  (1896). 

*  Demi.  Vitrtel.  Jakreschrifl.  offenL  Gesundhtspflg,  II,  Heft  1. 
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boil  off  part  of  the  alcohol  and  at  the  same  time  Pasteurize  the 
beer,  they  have  great  difficulty  in  preserving  it  for  any  great 
length  of  time. 

The  following  summary  of  172  samples  of  American  lager  and 
199  samples  of  American  ale,  published  by  Dr.  F.  E.  Englehardt 
in  the  Report  for  the  New  York  Board  of  Health  for  1886  and 
taken  in  part  from  Bulletin  13,  part  3,  U.  S.  Department  of  Agri- 
culture, Division  of  Chemistry,  give  a  good  idea  of  the  average 
composition  of  the  commercial  malt  liquors  of  this  country  as  they 
were  made  eighteen  years  ago. 

Composition  op  172  Samples  op  American  Lager  Beer. 

Alcohol  by  Phosphoric 

Sp.  gr.  volume.         Extract.  Ash.        ,   add  (PfO»). 

Average  ....     1.0:6  4.70  5.86  0.259  0.096 

Maximum 8.78  9.64  0.412  0.120 

Minimum 0.85  3.65  0.172  0.050 

Composition  op  199  Samples  op  American  Au. 

Average  ....     1.013  5.77  5.42  0.307  0.083 

Maximum  ..      ....  11. 16  9.50  0.552  0.166 

Minimum 3.02  2.70  0.197  0.0405 

Further  an  average  of  28  samples  of  American  malt  liquors 
analyzed  by  Dr.  C.  A.  Crampton1  shows  the  following  compo- 
sition : 

Composition  op  28  Samples  op  American  Malt  Liquors. 


Sp.gr. 

Alcobol 
volume. 

Ex- 

tract. 

Ash. 

Albumi- 
noid 
(*  X  6.25). 

Phos- 
phoric 

add 
(PfO,). 

Average  •  * 

I.OI6C 

579 

553 

0.279 

O.563 

O.077 

Maximum 

1. 0241 

8.63 

8.19 

0.472 

O.763 

O.I04 

Minimum. 

I.0077 

4.85 

346 

0.183 

O.400 

O.056 

Reducing 
sugars 

as 
maltose. 

Dex- 
trine. 

I.65 

2.33 

2.67 

3." 

0.59 

0.90 

These  analyses  are  all  characterized  by  notable  quantities  of 
albuminoids  and  phosphates,  the  lowest  amounts  being  0400  and 
0.0405  per  cent,  respectively  while  the  averages  are  about  0.563 
and  0.085  per  cent.  The  larger  the  quantity  of  glucose  used,  the 
lower,  relatively,  will  be  the  amounts  of  nitrogenous  and  phos- 
phatic  material.  My  own  experience  leads  me  to  believe  that  no 
true  lager  or  ale  on  the  market  as  such  will  be  found  to  contain 
less  than  0.04  per  cent,  of  phosphoric  acid  and  0.25  per  cent,  of 
albuminoids,  even  when  these  facts  are  taken  into  consideration!. 
An  amount  of  glucose  equivalent  to  from  15  per  cent,  to  20  per 

>  Division  of  Chemistry,  Bulletin  13.  Part  3. 
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cent,  of  the  mashing  material  appears  to  be  about  the  maximum 
quantity  used  even  with  the  poorest  beers  derived  from  malt. 
Konig,  in  his  Menschliche  Nahrungs  u.  Genusstnittel,  gives  0.05 
per  cent,  as  the  minimum  amount  of  phosphoric  acid  allowable  in 
a  beer  containing  5  per  cent,  of  extract  or  over,  while  the  Associ- 
ation of  Bavarian  chemists1  gives  the  minimum  amount  of  albu- 
minoids as  4  per  cent,  of  the  extract.  It  will  be  seen  from  the 
above-quoted  analyses  and  those  to  follow  that  their  figures  are 
lower  than  will  probably  be  found  in  an  American  malt  liquor, 
even  with  a  considerable  proportion  of  glucose  used. 

As  a  further  contribution  to  the  literature  of  this  subject  I  think 
it  will  be  well  to  offer  the  following  summary  of  76  analyses  of 
beers  recently  made  by  me,  each  of  which  I  considered  to  give 
sufficient  evidence  to  warrant  a  chemist  in  pronouncing  them  to 
have  been  brewed  from  malt.  This  judgment  would  rest  largely 
upon  their  percentage  of  albuminoids  and  phosphoric  acid  but  is 
supplemented  by  the  composition  in  general. 


Composition  of  76  Samples  of  American  Malt  Liquors. 

Alcohol                   Alburai-       Phos- 
by           Ex-          noid         phoric 
8p.  gr.      volume,     timet.    (« x  6.95).     add. 

Sulphates 
in 
Ash.          ash. 

Pica 
add. 

Average  ••  1.0100       5.61       4.61       0.470      0.061 

0.209       &34 

O.26 

Maximum    1.0210       7.85       7.64       0.614       0.095 

0.296      12.67 

O.87 

Minimum.  1.0047      0.35       3.15       0.390      0.045 

0.147        2  44 

O.I0 

Approximately  50  per  cent,  of  these  malt  liquors  contained 
salicylic  acid. 

A  glance  over  this  last  summary  will  show  at  once  that  the  beers 
analyzed  are  not  equal  in  quality  to  those  whose  analyses  have 
been  before  quoted.  The  high  percentages  of  sulphates,  the  com- 
paratively low  specific  gravity  and  extract,  point  to  a  much  more 
general  use  of  glucose  than  formerly  existed.  This  question  of 
quality  was  also  frequently  apparent  in  the  physical  properties  of 
the  beer  and  it  would  be  a  curious  thing  to  know  whether  or  not 
their  sale  in  so-called  prohibition  States  had  anything  to  do  with 
this  quality.  In  one  or  two  instances  only  have  I  any  knowledge 
of  the  brands. 

The  average  high  percentage  of  free  acid  shows  that  some  of 
these  beers  reached  me  in  anything  but  the  best  of  condition  and 
the  percentages  of  alcohol  were  probably  modified  from  the 

"»  Bulletin  13,  Department  of  Agriculture,  Division  of  Chemistry,  Part  3.    ' 
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original  in  many  instances.  The  alcohol  is  reported  in  per  cent, 
by  volume  for  the  reason  that  it  is  the  volume  per  cent,  which  is 
usually  the  legal  one.  The  per  cent,  of  albuminoids  and  phos- 
phoric acid,  is,  however,  unmodified  from  that  of  the  perfectly 
fresh  beer  for  when  any  yeast  was  present  the  container  was  thor- 
oughly shaken  before  the  sample  yas  taken  and  the  contents  of 
the  yeast,  which  had  been  derived  from  the  beer,  included  in  the 
results.  It  is  particularly  worthy  of  note  that  in  some  samples  not 
included  above,  where  the  alcohol  had  been  wholly  changed  into 
acetic  acid,  the  special  characters  derived  from  the  malt  still  stood 
calculated.  While  the  above  summary  of  analyses  shows  some 
interesting  facts  the  mistake  should  not  be  made  of  using  it  as  a 
basis  of  judging  the  composition  as  a  whole  of  fresh  American 
beer  and  ale.  They  indicate  more  closely  the  kind  of  material  that 
is  apt  to  be  sent  to  a  chemist  as  the  result  of  a  police  seizure— ma- 
terial which  is  sometimes  kept  several  days  or  even  w$eks  before 
reaching  his  hands.  If,  however,  the  sample  can  be  treated,  when 
first  taken,  with  eight  to  ten  drops  of  formaldehyde  to  the  liter  of 
beer,  it  will  keep  it  in  excellent  condition,  for  analytical  purposes, 
for  weeks. 

If  a  beer  shows  the  composition  given  in  the  analyses  already 
quoted  it  can  safely  be  pronounced  a  malt  liquor.  The  converse 
is  not  necessarily  true.  A  beer  might  have  had  a  4mall  amount  of 
malt  used  in  its  production  and  the  fact  be  absolutely  undeter- 
minable. In  such  case,  and  that  is  probably  just  the  case  with 
many  of  the  "temperance  beers"  on  the  market,  chemists  can  say 
only  "no  evidence  of  malt."  The  analyst  can  only  be  sure  of  his 
statements  that  malt  was  used  when  a  considerable  proportion  of 
that  material  was  used  in  the  brewing.  Fortunately  the  "no 
malt"  beers  which  have  come  under  my  own  observation  do  not 
even  approach  the  composition  of  the  ordinary  part  glucose  beer. 

The  following  are  typical  analyses  of  beer  which  in  my  opinion 
do  not  furnish  sufficient  evidence  in  warranting  a  chemist  in 
stating  that  they  were  brewed-  from  malt. 
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Albumi-         Phos- 
Alcoholby    Ex-  noid  phoric  Sal-  Free 

No.     8p.  gr.       volume,      tract    (*  X  6.25).        acid.  Ash.  phatea.  acid. 

1  1.0074  1.68  2.52  0.1 14  0.010  0.19  21.22  normal 

2  1.0098  2.63  3.40  0.2x5  0.023  0.189         normal 

3  1.0062  2.27  2.25  0.150  0.015  0.124  11  -30  normal 

4  Z.OH2  2. 11  3.53  0.133  0.015  0.140  10.81  normal 

5  z.0041  1.85  1.73  0.031  0.010  0.088  12.50  normal 

The  percentages  of  sulphates  are  high  but  a  glance  at  the 
previous  table  will  show  at  once  that  too  much  dependence  must 
not  be  placed  upon  this  fact.    It  is  simply  circumstantial  evidence. 

The  composition  of  the  ash  of  beers  is  of  great  importance  in 
doubtful  cases  but  unfortunately  a  complete  analysis  of  ash  is 
tedious  and  would  make  undesirable  expense.  Its  actual  amount 
tells  but  little,  its  composition  being  the  important  consideration. 
Unfortunately,  also,  more  beer  is  required  to  obtain  enough  ash 
for  analysis  than  is  generally  sent  to  the  analyst.  Blyth1  gives  the 
following  average  composition  of  beer  ash : 

I  have  made  but  one  fairly  complete  ash  analysis  of  any  one  of 
the  above  samples,  that  of  No.  5  of  the  "no  malt"  beers,  which  I 
place  beside  that  of  Blyth's  for  comparison. 

Malt  beer  (Blyth).  "No  mall1'  beer  (Parsons). 

KtO ■  37.22  12.93 

Na,0 8.04  19.61 

CaO 1.93  undetermined 

MgO 5.51 

Fe,0, trace 

SO, 1.44  10.81 

P,06 32.09  10.71 

CI    2.91  21.76 

StO, xo.82  7.50 

The  differences  are  very  prominent  and  would  be  a  great  help  in 
pronouncing  judgment.  Here  again  would  arise  the  same  dif- 
ficulty as  before,  if  only  small  amounts  of  malt  had  been  used  and 
the  verdict  would  probably  always  be  in  accord  with  that  rendered 
by  the  albuminoids  and  phosphoric  acid. 

METHODS  OP  ANALYSIS. 

Specific  Gravity. — Official  method.1  Pycnometer  with  ther- 
mometer stopper  used. 

1  "  Foods,"  Fourth  edition,  p.  518. 

•  Bulletin  No.  65,  Department  of  Agriculture,  Bureau  of  Chemistry. 
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Alcohol. — Pycnomctcr  with  thermometer  6topper.  Pyenometcr 
carefully  calibrated  with  distilled  water  at  15.60,  170,  20 °,  and 
220  C,  according  to  temperature  of  atmosphere.  Alcohol  solu- 
tion weighed  at  same  temperature.  The  departure  from  15.6* 
may  be  criticized  but  a  study  of  the  coefficients  of  expansion  of 
pure  water  and  mixtures  of  alcohol  and  water1  will  show  that 
with  such  dilute  solutions  of  alcohol  as  are  under  consideration 
the  error  would  be  less  than  0.0 1  per  cent.  This  is  less  than  would 
result  from  evaporation  due  to  capillarity  around  the  ground-glass 
stopper  if  the  pycnometer  is  filled  at  15. 6°  and  brought  to  room 
temperature  to  avoid  condensation  on  the  glass,  is  much  less  than 
would  arise  from  the  us*  of  a  hydrometer,  even  the  most  delicate 
made,  and  is  fully  as  accurate  as  by  calculation  from  the  tables  of 
Squibb.  When  distinctly  acid,  the  beer  was,  of  course,  always 
neutralized  before  distillation. 

Extract — Provisional  official  method,1  using  the  formula 
1 — sp.  gr.  (of  ale.  dist.)  +  sp.  gr.  (of  beer)  and  using  the  tables 
of  Oestermann  and  Schultze.  Many  comparative  results  were 
made  by  evaporation  and  by  direct  determination  of  the  specific 
gravity  of  the  dealcoholized  beer.  The  results  from  the  use  of 
the  tables  never  varied  greatly  from  the  others  and  are  probably 
much  nearer  correct  owing  to  the  hydrolysis  of  sugar  in  the  first 
case  and  the  precipitation  of  albuminoids,  etc.,  in  the  second. 

Albuminoids  (total  n  X  6.25). — Official  Gunning  method,  with 
the  additional  precaution  of  always  first  boiling  down  the  beer 
taken  to  a  small  bulk,  but  not  to  dryness,  after  acidification  with  a 
few  drops  of  sulphuric  acid,  before  the  main  quantity  of  acid  or 
potassium  sulphate  was  added.  This  did  away  with  the  foaming 
which  was  otherwise  uncontrollable. 

Phosphoric  Acid. — Uranium  acetate  method.  Solution  of 
uranium  acetate  in  which  1  cc.  was  equivalent  to  0.01  per  cent. 
PtOB  when  soccof  beer  were  used.  When  the  beer  was  light- 
colored  the  method  was  applied  both  to  the  beer  itself  and  to  the 
ash;  otherwise  to  the  ash  alone.  The  results  on  the  ash  were 
generally  0.1  or  0.2  cc.  higher  than  on  the  beer  itself  and  some- 
times even  more  when  any  considerable  quantity  of  yeast  had 

1  Sec  lCakta* :  /.  Ck*m.  Soc..  99,  214 ;  SUbermann  :  Comfit,  rend.,  October,  1848. 
•  Bulletin  No.  65.  Bureau  of  Chemiftry. 
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developed.  Results  were  compared  with  the  molybdate  method 
and  agreed  closely.  There  was  no  difficulty  in  determining  the 
point  of  precipitation  of  the  phosphate  within  0.1  cc.  when  the  ash 
was  used.  The  ash  was  moistened  with  concentrated  hydrochloric 
acid  and  the  acid  evaporated  on  the  water-bath.  It  was  then 
boiled  with  50  cc.  of  distilled  water  and  titrated  with  uranium 
solution.  Under  these  conditions  the  end-point  was  always  sharp. 
If  the  ash  was  not  treated  with  hydrochloric  acid,  if  acetic 
acid  was  substituted  for  hydrochloric  acid  or  if,  after  treatment 
with  hydrochloric  acid,  the  ash  was  heated  much  above  the 
temperature  of  boiling  water,  the  phosphates  were  insoluble  or, 
at  least,  remained  in  a  form  where  they  were  not  attacked  by  the 
uranium  solution.  With  these  precautions,  the  uranium  method 
gives  on  a  beer  ash  results  which  are  quite  accurate  to  0.1  cc.,  and 
which  are  quickly  obtained. 

Sulphates. — The  photometric  method  of  Hinds1  was  used.  In 
my  hands  his  tables  give  percentages  in  beer  ash  more  closely 
agreeing  with  the  gravimetric  than  when  the  tables  of  Jackson* 
were  used,  as  the  latter  yielded  too  high  results.  The  solution  of 
ash  in  hot,  dilute  hydrochloric  acid,  was  either  taken  direct  after 
filtering,  or,  the  filtered  solution  from  the  phosphoric  acid  deter- 
mination could  be  equally  well  used. 

Ash,  Salicylic  Acid,  and  Free  Acid  were  determined  by  the  usual 
official  methods. 

NBW  HAMPSHXBJI  COLLSGK, 

Jul j  a,  1909. 


ON  AZOXYBBNZBNB. 

lUoalved  Oqmmbtr  j,  190a. 
BT  AftTHUK  I^kCHMAlT. 

A  few  years  ago,  I  endeavored  to  deduce  the  structure  of  the 
nitro-group,  and  came  to  certain  conclusions.*  Subsequent  de- 
velopments, however,  showed  the  line  of  reasoning  then  adopted 
to  be  erroneous;  and  these  conclusions  have  since  been  with- 
drawn.4   A  new  method  of  investigation  became  necessary,  and  a 

»  Thi*  Journal,  aa,  369. 
«  /MUL,  as,  799- 

•  Am.  Cktm.J.%  ai,  433  (1899). 

*  This  Journal,  aj,  897  (1901). 
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study  of  azoxybenzene,  one  of  the  reduction-products  of  nitro- 
benzene, seemed  to  promise  useful  results.  The  present  paper 
deals  with  the  properties  and  the  structure  of  azoxybenzene. 

Azoxybenzene  stands  in  a  peculiarly  intimate  and  important 
relation  to  nitrobenzene.  First  of  all,  in  its  general  indifference 
to  all  but  reducing  agents,  it  closely  resembles  its  mother-sub- 
stance. Secondly,  it  still  contains  oxygen,  and  has  no  hydrogen 
directly  attached  to  its  nitrogen  atoms.  Thirdly,  it  is  always  the 
first,  and  usually  the  chief,  product  of  alkaline  reducing  agents 
upon  nitrobenzene.  In  view  of  this  important  relationship  be- 
tween these  two  substances,  it  is  curious  that  so  little  is  known 
about  azoxybenzene.    Its  natural  history  is  exceedingly  meager. 

Azoxybenzene  was  first  prepared  by  Zinin,1  by  the  action  of 
alcoholic  potash  on  nitrobenzene.  Klinger,  at  a  much  later  date, 
investigated  the  action  of  different  alcohols  and  alkalies  upon 
aromatic  nitrocompounds,2  and  for  the  preparation  of  azoxyben- 
zene itself  recommended  the  method  still  in  common  use, — reduc- 
tion of  nitrobenzene  with  a  solution  of  metallic  sodium  in  methyl 
alcohol.  Various  other  reducing  agents  have  at  times  been  pro- 
posed, such  as  alkaline  stannites,  sodium  amalgam,  etc. ;  but  they 
do  not  give  good  yields  with  nitrobenzene,  so  far  as  I  have  tried 
them. 

The  chemical  reactions  of  azoxybenzene  have  not  been  ex- 
haustively studied.  Mild  reducing  agents,  e.  g.,  metallic  iron,8 
remove  oxygen,  and  leave  azobenzene ;  more  energetic  agents  re- 
duce azoxybenzene  to  aniline,  whereby  hydrazobenzene4  often 
appears  as  an  intermediate  product.  Aside  from  these  more 
obvious  reactions,  only  one  has  attracted  more  than  a  passing 
interest.  When  azoxybenzene5  is  warmed  with  concentrated  sul- 
phuric acid,  it  is  isomerized  to  ^-hydroxyazobenzene : 

C.H,— NfO— CfHt  — *  CfH5— N=N-CfH4OH. 
The  mechanism  of  this  reaction,  which  has  not  yet  been  satis- 
factorily explained,  will  be  discussed  below. 

The  data  which  I  have  gathered  during  my  study  of  azoxyben- 
zene are  here  presented  under  the  following  heads : 

*  y.  prakU  Cktm.%  *6, 98  (1845). 

*  Bcr,  d.  cJUm.  Ga.%  ij,  865  (188a)  ;  16,  941  (1883). 

*  Schmidt  and  Schultt :  Ann.  Chem.  (UeMg),  907. 3*8  (1881). 

*  Qf.  Meyer-Jacobson :  "  I*hrboch,"  II,  p.  351. 

*  Wallach:  Btr.  d.  cfum.  Gtx.y  ij,  5*5  (1880) ;  i4,  9617  (i88x). 
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I.  The  preparation  of  azoxybenzene. 

II.  The  action  of  sulphuric  acid  on  azoxybenzene. 

III.  />•  Hydroxyazobenzene-£-sulphonic  acid. 

IV.  Miscellaneous  reactions  of  azoxybenzene. 
V.  Some  reactions  of  diphenylnitrosamine. 

VI.    The  constitution  of  azoxybenzene. 

I.     THE  PREPARATION  OP  AZOXYBENZENE. 

The  reduction  of  nitrobenzene  to  azoxybenzene  is  best  accom- 
plished by  the  use  of  alcohols  in  alkaline  solution.  As  mentioned 
above,  Zinin  used  ordinary  alcohol  and  caustic  potash.  This 
gives  a  rather  impure  azoxybenzene  and  an  imperfect  yield. 
Klinger  obtained  better  results  with  sodium  methylate  dissolved 
in  methyl  alcohol.  The  use  of  metallic  sodium  in  large  quantities, 
however,  I  found  to  be  inconvenient  as  well  as  expensive,  for  the 
sodium  must  be  added  slowly  to  the  alcohol.  A  remark  of 
Klinger's,  that  ordinary  methyl  alcohol  often  contains  much  water, 
suggested  the  direct  use  of  sodium  hydroxide;  and  it  was  soon 
found  that  a  return  to  Zinin's  method,  simply  changing  alkalies 
and  alcohols,  gave  much  the  best  results. 

It  was  also  found,  however,  that  to  obtain  good  yields  of  azoxy- 
benzene it  is  essential  for  the  methyl  alcohol  to  be  absolutely 
ketone-free,  whereas  the  amount  of  water  present  is  relatively 
without  influence.  In  all  the  following  experiments,  the  reagents 
(sodium  hydroxide,  methyl  alcohol,  nitrobenzene)  were  directly 
mixed,  and  gently  boiled  for  three  hours  on  a  water-bath,  a 
previous  test  having  shown  that  a  separate  solution  of  the  alkali 
before  adding  nitrobenzene  had  no  influence  upon  the  course  of 
the  reaction. 

lN*XrUBNC8  OF  WATER  UPON  YlBLD  OP  AZOXYBSNZSNB. 

Yield  of 
Nitrobenaene.       aauajteaaeae. 
Grama.  Pa*  eat 

I20  83 

30  75 

30  «3 

In  all  three  cases,  the  azoxybenzene  was  of  a  bright  yellow  color, 
and  practically  pure. 


Methyl  Alcohol 
acetone-free, 
cc. 

Water. 
Percent 

Sodium 

hydroxide. 

Gram*. 

800 

4 

160 

900 

8 

40 

200 

13 

40 
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Influence  of  Acetone  upon  Yield  of  Azoxybenzene. 


Methyl 

alcohol. 

cc. 

Acetone. 
Per  cent. 

Sodium 

hydroxide. 

Grams. 

Nitrobenzene. 
Grama. 

Yield  of 

asoxy  benzene, 

Per  cent 

40O 

3 

80 

60 

62 

650 

none 

120 

lOO 

97 

IOOO 

none 

2O0 

I50 

95 

650 

2.7 

I20 

100 

62 

In  the  first  and  fourth  experiments,  the  azoxybenzene  was  dark 
brown,  and  contained  aniline,  unaltered  nitrobenzene,  and  iso- 
nitrile. 

Upon  the  basis  of  the  above  results,  the  preparation  of  azoxy- 
benzene is  a  simple  matter.  Boil  a  mixture  of  1000  cc.  acetone- 
free  methyl  alcohol,  200  grams  sodium  hydroxide  and  150  grams 
nitrobenzene  for  three  hours ;  distil  off  the  alcohol,  and  pour  the 
residue  into  cold  water.  Freeze  the  precipitated  yellow  oil  in  ice, 
and  wash  with  water  until  free  from  alkali.  Then  melt  the 
crystals  in  a  little  dilute  hydrochloric  acid  to  remove  traces  of 
aniline,  freeze  again,  and  wash  free  from  acid.  The  resulting 
crystalline  mass  is  crushed  and  dried  in  air,  and  is  now  sufficiently 
pure  for  nearly  all  purposes.  Azoxybenzene  may  be  recrystallized 
from  alcohol  or  from  ligroin. 

Solubility  of  Azoxybenzene  in  Ligroin  (b.  p.,  7o°-8o°). 

100  grams  ligroin  will  dissolve  at   o°  10.7  grams  azoxybenzene. 
100  grams  ligroin  will  dissolve  at  150  43.5  grams  azoxybenzene. 

Solubility  of  Azoxybenzene  in  Alcohol  (94  per  cent.). 

100  grams  alcohol  will  dissolve  at   o°   5.0  grams  azoxybenzene. 
100  grams  alcohol  will  dissolve  at  150  114  grams  azoxybenzene. 

The  solubility  of  azoxybenzene  in  hot  ligroin  is  so  great  that 
when  cooled  to  o°  the  solution  practically  solidifies  completely; 
for  purposes  of  recrystallization  it  is  best  to  make  a  saturated  so- 
lution at  the  ordinary  working  temperature  and  then  cool  in  ice. 

11.    the  action  of  sulphuric  acid  upon  azoxybenzene. 

As  mentioned  above,  Wallach  found  that  hot,  concentrated  sul- 
phuric acid  isomerizes  azoxybenzene  to  ^-hydroxyazobenzene. 
Another  product  of  this  reaction  he  found  in  azobenzene.  Wal- 
lach's  work  was  confined  to  the  identification  of  these  two  sub- 
stances. In  view  of  the  great  importance  of  properly  under- 
standing intramolecular  rearrangements,  I  devoted  much  time  to 
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a  study  of  the  mechanism  of  this  reaction,  varying  the  experi- 
mental conditions  within  wide  limits. 

No  intermediate  compounds  between  azoxybenzene  and  hy- 
droxyazobenzene  could  be  discovered.  When  azoxybenzene  and 
sulphuric  acid  are  mixed,  a  dark  red  solution  is  formed,  with 
slight  evolution  of  heat.  If  the  mixture  is  poured  into  water, 
azoxybenzene  is  recovered  quantitatively.  If  allowed  to  stand  in 
the  cold  for  varying  periods  of  time,  the  rearrangement  proceeds 
slowly,  and  is  not  complete  even  after  a  week.  If  warmed  on  the 
water-bath,  the  reaction  proceeds  with  greater  or  less  velocity, 
depending  upon  so  many  factors  that  it  seems  hopeless  to  find  any 
relationship  between  them.  But  in  all  cases,  much  the  same 
products  are  formed  in  varying  amounts,  and  with  more  or  less 
unchanged  azoxybenzene  if  the  process  be  interrupted  before  com- 
pletion. 

Besides  the  products  obtained  by  Wallach,  I  have  isolated  three 
others.  An  almost  constant  product  is  a  black,  amorphous  powder, 
insoluble  in  all  ordinary  solvents,  infusible,  difficult  to  wash,  and 
evidently  a  high  molecular  polymerization-product  not  far  re- 
moved from  free  carbon.  It  contains  nitrogen,  however.  Another 
product  of  the  reaction  is  ^-hydroxyazobenzene-^-sulphonic  acid. 
A  third  product,  usually  in  very  small  amounts,  is  an  amylamine, 
probably  normal.  Its  formation  is  to  be  explained  by  an  opening 
of  one  of  the  benzene  rings  in  azoxybenzene,  with  simultaneous 
oxidation  of  a  carbon  atom.  Besides  these  substances,  traces  of  one 
or  more  reducing  compounds,  probably  aminophenpl  and  related 
substances,  are  usually  present;  I  have  not  been  able  to  isolate 
them.  Finally,  the  formation  of  0-hydroxyazobenzene  described 
by  Bamberger1  not  long  ago  could  be  verified. 

These  products  are  formed  in  amounts  depending  upon  the 
following  factors:  the  initial  temperature  of  the  reaction,  the 
maximum  temperature,  jthe  concentration  of  the  acid  employed, 
the  ratio  of  sulphuric  acid  to  azoxybenzene,  the  duration  of 
the  experiment,  and  finally,  upon  the  size  and  the  shape  of 
the  containing  vessel.  The  last  factor,  which  may  seem  captious, 
finds  its  explanation  in  a  hitherto  unnoticed  circumstance ;  for  the 
reaction  of  sulphuric  acid  upon  azoxybenzene  is  strongly  exother- 
mic, and  may  proceed  with  explosive  violence.    Ten  grams  of 

1  B*r.  d.  cJUm.  £0.,  jjv  319s  (1900). 
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each  substance  were  warmed  on  the  water-bath;  after  eleven 
minutes,  the  mixture  shot  out  of  the  flask,  with  evolution  of  much 
sulphur  dioxide  and  oxides  of  nitrogen,  and  the  formation  of 
voluminous  carbon  fully  twenty  times  the  capacity  of  the  flask. 
At  least  three  times  as  much  acid  as  azoxybenzene  must  be  taken 
to  avoid  this  violent  result,  as  a  number  of  tests  showed.  Even 
then,  the  temperature  of  the  liquid  rises  above  2000.  It  is  clear 
that  under  these  circumstances  the  temperature  of  the  mixture  is 
largely  dependent  upon  the  amount  of  radiation  to  the  outside, 
which  again  is  a  function  of  the  size  and  shape  of  the  vessel,  as 
well  as  of  the  absolute  amounts  of  material  taken. 

Just  what  the  influence  of  temperature  upon  the  final  result 
may  be,  my  experiments  have  not  sufficed  to  determine.  As 
already  mentioned,  the  reaction  proceeds  slowly  even  in  the  cold. 
On  the  other  hand,  I  twice  carefully  warmed  a  mixture  of  10 
grams  each  of  sulphuric  acid  and  azoxybenzene  (the  explosive  mix- 
ture above)  to  85 °  for  ten  and  for  twenty  minutes,  and  recovered 
97  and  92  per  cent,  respectively  of  unchanged  azoxybenzene.  The 
larger  the  ratio  of  acid  to  azoxybenzene,  the  lower  the  temperature 
at  which  the  reaction  completes  itself ;  using  200  grams  of  acid  to 
10  grams  of  substance,  complete  action  was  obtained  at  a  tempera- 
ture not  exceeding  740. 

It  is  unnecessary  to  detail  each  one  of  the  numerous  tests  I 
have  made  of  this  reaction ;  the  general  conditions  that  seem  to 
determine  the  amount  of  each  product  will  suffice.  First  a  brief 
account  of  the  method  of  separation.  After  warming  the  mixture 
for  the  desired  time,  it  is  poured  into  cold  water.  Azobenzene, 
both  hydroxyazobenzenes,  and  the  black  powder  separate.  The 
mixture  is  shaken  out  with  ether,  whereby  the  powder  causes 
troublesome  emulsions;  after  each  extraction,  it  is  best  to  filter 
the  ether  through  the  same  funnel,  where  the  powder  finally  col- 
lects. After  being  thoroughly  washed  with  ether,  the  powder 
must  be  washed  with  water  to  remove  sulphuric  acid  (which  it 
holds  tenaciously),  and  then  dried  in  air.  The  ether  extract  is 
shaken  out  with  dilute  alkali  to  remove  hydroxyazobenzene,  and 
then  distilled;  azobenzene  remains,  with  whatever  unchanged 
azoxybenzene  may  be  recovered.  These  two  substances  must  be 
separated  by  crystallization  from  alcohol.    The  alkaline  solution 
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of  hydroxyazobenzene  is  precipitated  with  an  excess  of  mineral  acid, 
and  the  compound  filtered,  washed  and  dried  in  air.  The  original 
aqueous  acid  solution  contains  the  sulphonic  acid  of  hydroxyazo- 
benzene, and  amylamine.  It  is  rendered  alkaline  with  caustic 
soda  and  distilled  with  steam ;  the  amine  passes  over  very  quickly, 
is  collected  in  hydrochloric  acid,  and  obtained  as  a  salt  by  evapora- 
tion on  the  water-bath.  The  residual  alkaline  solution  rapidly 
darkens  in  air,  and  shows  reducing  action  towards  ammoniacal 
silver  nitrate,  etc.  To  separate  the  sulphonic  acid,  it  is  rendered 
Slightly  acid  with  sulphuric  acid,  and  boiled  down  sufficiently  to 
give  a  saturated  solution  of  sodium  sulphate  on  cooling.  The 
sodium  salt  of  hydroxyazobenzene  sulphonic  acid  separates,  being 
rather  insoluble  in  cold  water  and  still  less  in  sodium  sulphate 
solution. 

A.  p-Hydroxyazobenzene. — The  best  yields  of  hydroxyazo- 
benzene are  obtained  by  using  a  somewhat  diluted  sulphuric  acid, 
about  85  per  cent,  (corresponding  to  H2S04  +  HaO),  by  taking 
from  five  to  twenty  times  as  much  acid  as  azoxybenzene,  and  by 
keeping  the  temperature  low.  From  60  to  75  per  cent,  of  the 
azoxybenzene  may  be  obtained  in  its  isomeric  form.  Freed  from 
the  ortho-compound  as  indicated  below,  and  recrystallized  from 
alcohol,  it  may  be  obtained  in  a  state  of  great  purity.  For  the 
preparation  of  hydroxyazobenzene,  the  synthetic  method  of  Griess 
(from  diazobenzene  and  phenol)  is  much  simpler  and  quicker,  as 
well  as  less  expensive. 

B.  o-Hydroxyazobenzene. — This  compound  was  first  isolated 
by  Bamberger.1  It  is  volatile  with  steam,  and  can  be  readily 
separated  from  die  para  compound.  From  40  grams  mixed  0- 
and  ^-hydroxyazobenzene  (obtained  from  75  grams  azoxybenzene 
in  various  experiments),  I  separated  1.5  grams  bright  red  o-hy- 
droxyazobenzene  (m.  p.  8l°  before  recrystallizing).  Bamberger 
registered  190 °  at  the  moment  of  violent  action,  but  as  the  fluid 
of  the  above  yield. 

C.  The  Black  Powder. — The  amount  of  this  amorphous  prod- 
uct varies  within  wide  limits — from  a  trace  to  30  per  cent,  of  the 
azoxybenzene  taken.  It  is  formed  in  greatest  amount  when  the 
temperature  is  high,  and  the  ratio  of  acid  to  azoxybenzene  low. 
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There  is  qo  reason  to  believe  that  this  substance  has  a  uniform 
composition.  Nothing  definite  could  be  learned  about  it,  except 
that  it  is  in  some  way  related  to  the  formation  of  amylamine  dur- 
ing the  rearrangement.  Five  grams  of  the  powder  were  heated 
with  40  cc.  concentrated  sulphuric  acid  to  ioo°  for  three  hours ; 
0.09  gram  amylamine  hydrochloride  was  obtained.  In  another 
test,  3.2  grams  of  powder  were  heated  in  a  sealed  tube  with  diluted 
sulphuric  acid  ( 1 : 1 )  :  time,  three  hours ;  temperature,  220 °  ; 
yield,  0.35  gram.  In  a  third  test,  3  grams  were  heated  almost  to 
fusion  with  strong  caustic  soda  solution,  and  the  volatile  bases 
collected;  0.30  gram  impure  salt,  giving  slight  aniline  reaction, 
was  obtained. 

It  seems  likely  that  the  powder  contains  the  amylamine  group 
pre-formed,  and  that  the  base  is  detached  from  the  rest  of  the 
complex  by  the  action  of  various  agents. 

D.  Amylamine, — During  the  first  experiments,  the  amount  of 
amylamine  hydrochloride  obtained  varied  from  0.5  to  7  per  cent, 
of  the  azoxybenzene  taken,  without  affording  any  clue  as  to  the 
determining  factor.  The  above  experiments  with  the  black 
powder,  and  the  observation  of  the  high  temperature  accompany- 
ing the  rearrangement,  suggested  the  dependence  of  this  product 
upon  the  high  temperature.  A  direct  trial  gave  ample  confirma- 
tion of  this  view. 

Twenty  grams  azoxybenzene  and  45  grams  concentrated  acid 
were  allowed  to  heat  on  the  water-bath.  An  inserted  thermometer 
registered  1900  at  the  moment  of  violent  action,  but  as  the  fluid 
then  completely  covered  the  stem,  further  reading  was  impossible. 
Much  of  the  mixture  was  lost  by  the  explosion,  but  the  collected 
residues  yielded  2.7  grams  hydrochloride,  a  yield  of  14  per  cent, 
on  the  total  amount  of  azoxybenzene. 

Amylamine  hydrochloride,  as  obtained  by  this  curious  method, 
forms  white  needles.  It  is  very  soluble  in  water  and  in  alcohol, 
but  is  not  deliquescent.  With  chlorplatinic  acid  it  forms  a  very 
insoluble,  yellow,  prismatic  powder,  which  cannot  be  recrystal- 
lized  from  water,  for  it  is  decomposed,  with  the  separation  of 
metallic  platinum,  considerably  below  ioo°.  Heated  in  the  ordi- 
nary melting-point  apparatus,  it  sublimes  above  1500;  heated 
quickly  on  platinum,  it  can  be  made  tP  melt,  but  rapidly  volatilizes 
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under  these  conditions.    It  is  the  salt  of  a  primary  base%  as  shown 
by  the  intense  isonitrile  reaction.    For  analysis,  the  salt  was  re* 
crystallized  from  water,  and  dried  over  sulphuric  acid  for  a  few 
hours. 
Analysis : 

I.    0.2061  gram  gave  20.1  cc.  moist  nitrogen  at  20°  and 

750  mm. 
II.    0.2359  gram  gave  0.2712  gram  silver  chloride. 

Calculated  for 

C|HUNB^HC1.  Found. 

,  Nitrogen 11.33  11.13 

Chlorine -    28.67  a*4* 

Atomic  ratio  N  :  CI       1  : 1.006 

For  lack  of  time,  no  experiments  were  made  with  the  free  base, 
except  to  note  that  its  boiling-point  is  about  ioo°,  and  that  it  is 
quite  soluble  in  water.  At  some  subsequent  date,  an  attempt  will 
be  made  to  study  this  base,  and  to  work  out  this  somewhat  unusual 
method  of  preparation.  Normal  amylamine  has  been  described 
only  by  Hofmann,1  and  was  evidently  obtained  by  him  in  very 
small  amount.  As  prepared  above,  the  base  seems  to  be  quite  free 
from  ammonia,  as  well  as  from  secondary  or  tertiary  bases. 

JS.  Hydroxy azobenzene  Sulphonic  Acid. — The  formation  of 
this  substance  offers  no  difficulties  of  explanation ;  it  is  a  simple 
case  of  sulphonation.  This  is  usually  a  reaction  with  small 
velocity;  and  in  this  instance,  the  amount  of  sulphonic  acid  pro- 
duced depends  more  upon  the  time  during  which  the  substances 
act  upon  each  other  than  upon  the  ratio  of  acid  to  azoxybenzene. 
The  maximum  yield  observed  in  my  experiments  was  1 1  per  cent 
of  the  sodium  salt  (of  the  weight  of  azoxybenzene  taken).  This 
yield  can  of  course  be  greatly  increased  by  prolonged  heating.  A 
more  detailed  study  of  this  add  is  given  below. 

F.  Azobenzene. — During  the  energetic  rearrangement  of 
azoxybenzene,  azobenzene  is  a  constant  product.  It  is  formed  in 
amounts  varying  from  30  to  60  per  cent  of  the  original  substance. 
Being  formed  in  such  large  quantity,  it  was  by  no  means  dear 
that  it  is  merely  a  by-product,  as  Wallach  regarded  it ;  and  it  was 
hoped  that  a  careful  study  of  the  formation  of  azobenzene  would 
greatly  assist  the  explanation  ofhowhydroxyazobenzene  is  formed 

1  Ar.  d.  ekem  Ges.%  15,  770  (188a). 
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For  it  is  evident  that  we  have  three  possibilities  involved :  azoben- 
zene  is  formed  from  hydroxyazobenzene ;  hydroxyazobenzene  is 
formed  from  azobenzene ;  or  finally,  that  both  are  formed  simul- 
taneously. 

The  last  possibility,  that  both  are  formed  at  the  same  time,  is 
ruled  out  by  one  experiment.  8.3  grams  azoxybenzene  stood  in 
the  cold  for  six  days,  with  35  grams  of  sulphuric  acid  of  the 
strength  H2S04  -f-  HtO.  The  products  of  this  reaction  were  5.2 
grams  hydroxyazobenzene  and  3  grams  unchanged  azoxybenzene ; 
mere  traces  of  amylamine  and  of  the  sulphonic  acid  were  also 
observed. 

A  choice  between  the  first  two  possibilities  was  afforded  by  a 
direct  experiment  in  which  5  grams  of  pure  hydroxyazobenzene 
were  heated  on  the  water-bath  with  20  cc.  sulphuric  acid 
(HfS04  +  H20).  The  products  were:  Black  powder,  0.05 
gram ;  amylamine,  unweighable  trace  of  hydrochloride ;  unchanged 
hydroxyazobenzene,  3.85  grams;  azobenzene,  0.70  gram;  sul- 
phonate,  045  gram. 

It  seems  clear  that  the  formation  of  azobenzene  is  the  result  of 
auto-reduction  of  hydroxyazobenzene ;  as  oxygen  is  not  given  off, 
the  black  powder  is  to  be  regarded  as  the  oxidation  product.  We 
have  here  a  case  similar  to  the  auto-reduction  and  auto-oxidation 
of  benzaldehyde  under  the  influence  of  caustic  potash, 

2  C^CHO  =  CfHftCHtOH  +  C.H.COOH, 

except  that  for  hydroxyazobenzene  the  reaction  is  n-molecular 
rather  than  bi-molecular, 

*  C€HiN=NCiH4OH  =  (*— jr)CiH6N=NCiH5  + 

[x  C#HiN=NC€H4OH.(»— *)0], 

where  n  is  a  large  number,  and  x  a  small  one. 

G.  The  Mechanism  of  the  Rearrangement — Further  efforts  to 
isolate  intermediate  products  in  the  rearrangement  of  azoxyben- 
zene proved  futile.  Adding  acetic  anhydride  to  the  sulphuric  add 
gave  results  practically  the  same  as  above ;  the  products  were  azo- 
and  hydroxyazobenzene,  and  the  black  powder,  the  amine  and  the 
sulphonate  being  formed  only  in  traces.  The  direct  action  of 
acetic  anhydride  was  also  tried ;  on  heating  azoxybenzene  with  it 
to  200 °  for  five  hours,  a  trace  of  hydroxyazobenzene  was  obtained, 
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but  the  bulk  of  azoxybenzene  was  recovered  unchanged  (4J& 
grams  from  5  grams). 

A  number  of  explanations  have  been  offered  for  this  rearrange- 
ment. Wallach  and  Belli1  assume  that  the  first  products  are 
phenol,  diazobenzene  sulphonic  acid,  and  oxygen;  and  that  the 
former  then  couple,  eliminating  sulphuric  acid.  The  oxygen  is 
not  accounted  for.  Friswell  and  Green1  similarly  assume  diazo- 
benzene and  phenol  as  the  primary  products,  which  then  couple. 
Other,  equally  hypothetical  explanations  are  quoted  by  BeUstem1 
As  I  have  found  hydroxyazobenzene  to  be  formed  at  temperatures 
much  exceeding  ioo°,  the  assumption  of  a  normal  diazo  reaction 
in  hot  sulphuric  acid  seems  somewhat  forced.  If  phenol  were 
formed,  its  ready  sulphonation  would  lead  one  to  expect  at  least 
a  small  amount  of  some  phenolsulphonic  acid  in  the  final  product, 
but  such  is  not  the  case. 

I  am  inclined  to  regard  the  formation  of  hydroxyazobenzene  is 
this  reaction  as  a  direct  and  immediate  intramolecular  rearrange- 
ment, as  are  so  many  other  rearrangements  of  aromatic  nitrogen 
compounds ;  there  is  no  valid  reason  for  assuming  diazobenzene  as 
intermediate.  The  other  products  of  the  reaction,  as  has  been 
shown  above,  are  secondary  in  their  nature,  and  can  all  be  ob- 
tained from  pure  hydroxyazobenzene. 

It  is  interesting  to  note  that  Zinin,  the  discoverer  of  azoxyben- 
zene,4 tried  the  action  of  concentrated  sulphuric  acid  upon  this 
substance,  but  obtained  only  unchanged  azoxybenzene  together 
with  some  "gepaarte  Schwefelsaureverbindung". 

III.      ^-HYDROXYAZOBENZENE-^-SULPHONIC  ACID. 

The  sulphonic  acid  obtained  by  the  action  of  sulphuric  acid 
upon  azoxybenzene  was  subjected  to  closer  examination,  owing  to 
certain  discrepancies  in  the  literature.  By  direct  synthesis,1  the 
action  of  diazobenzene-/>-sulphonic  acid  upon  phenol  gives  ^-hy- 
droxyazobenzene-/>-sulphonic  acid, 

HO.S— CfH4N=N— QH  +  C6H8OH  = 

HO.S— C,H4N=NCtH4OH  +  H,0. 

t  Ber.  d.  chem.  Ges.,  13,  525  (1880). 

>  J.  Chem.  Soc.  (I/mdon),  47, 923  (1885). 

•  Third  Edition,  Vol.  IV,  p.  1407. 
«  Loc  tit. 

•  OrlcM :  Ber.  d.  chem.  Get.,  11,  2192  (1878). 
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On  the  other  hand,  Wilsing1  has  described  a  sulphonic  acid  of  the 
same  constitution,  but  with  different  properties,  which  he  obtained 
by  the  action  of  sulphuric  acid  upon  azoxybenzene.  In  under- 
taking this  work,  Wilsing  was  guided  by  Wallach's  recent  dis- 
covery of  the  rearrangement  to  hydroxyazobenzene. 

Wilsing's  method  of  preparing  his  sulphonic  acid  was  to  heat 
azoxybenzene  with  fuming  sulphuric  acid  (strength  not  given)  to 
lio°  for  several  hours,  until  a  product  completely  soluble  in  water 
was  obtained.  In  this  way,  he  isolated  not  only  a  monosulphonic 
acid,  but  also  a  di-,  tri-,  and  tetra-sulphonic  acid.  Wilsing  him- 
self carefully  compared  his  own  mono-sulphonic  acid  with  the 
synthetic  substance,  and  found  many  notable  points  of  difference. 
The  most  striking  difference  was  met  in  the  action  of  bromine 
water;  the  synthetic  product  gave  a  precipitate  of  tribromphenol, 
whereas  Wilsing's  acid  was  indifferent  even  at  ioo°. 

On  the  other  hand,  the  sulphonic  acid  which  I  obtained  above 
reacted  readily  with  bromine  water  as  indicated,  and  was  found  to 
be  identical  in  every  respect  with  the  synthetic  acid.  Wilsing's 
acid  cannot  possibly  have  the  constitution  he  assigned  to  it.  In 
all  probability  he  had  azobenzene-sulphonic  acid,  for  the  condi- 
tions under  which  he  worked  (highly  concentrated  acid)  are  those 
which  I  have  found  to  give  chiefly  azobenzene  as  the  main  product 
of  the  rearrangement.  The  discrepancies  in  Wilsing's  analyses 
are  easily-accounted  for  by  the  fact  that  he  analyzed  the  anhydrous 
salts  of  the  acid.  I  have  found  the  anhydrous  salts  of  these  sul- 
phonic acids  to  be  extremely  hygroscopic ;  it  is  almost  impossible 
to  completely  dehydrate  them  by  ordinary  methods,  and  the  de- 
hydrated salts  will  gain  in  weight  even  in  a  calcium  chloride  desic- 
cator; an  azobenzene  sulphonate  containing  I  molecule  of  water 
will,  of  course,  give  the  same  analytical  results  as  an  anhydrous 
hydroxyazobenzene  sulphonate. 

During  this  comparison  I  became  interested  in  the  manner  in 
which  tribromphenol  is  formed  from  hydroxyazobenzene  sulphonic 
acid.  I  used  the  sodium  salt,  which  was  first  prepared  by  Lim- 
pricht  ,**  it  contains  2  molecules  of  water : 

0.7072  gram  lost  0.0722  gram  at  i6o°-i70°. 

1  Ann.  Ckem.  fUebig).  aig,  w8  (1882). 
»  TWA,  *6*,  «»  (1890)- 


II90  ARTHUR  LACHMAN. 

Calculated  for 
Na.CuHtNf804  +  iH|0.  Found. 

Water 10.7  10.2 

The  salt  requires  140  parts  of  water  at  15°  for  solution,  and 
crystallizes  from  hot  water  in  golden  yellow,  glistening  plates  of 
very  small  size.  The  anhydrous  salt  is  extremely  hygroscopic; 
two  samples,  kept  in  separate  calcium  chloride  desiccators  over 
night,  had  each  gained  more  than  5  mg. 

The  sodium  sulphonate  obtained  from  azoxybenzene  had  the 
same  composition,  and  showed  the  same  solubility. 

0.5708  gram  lost  0.0574  gram. 

Calculated.  Found. 

Water 10.7  10. 1 

A.  The  Action  of  Bromine  Water  on  Hydroxyasobensene  Sul- 
phonic  Acid. — When  bromine  water  is  added  to  a  solution  of  this 
acid  (or  its  sodium  salt),  a  precipitate  of  tribromphenol  is  formed 
instantly.  Exactly  6  atoms  of  bromine  are  taken  up  by  1  molecule 
of  the  salt.  1.06  grams  synthetic  sodium  salt  were  titrated  with 
standard  bromine  water  (0.1918  N).  When  99.1  cc.  had  been 
added,  the  solution  was  colorless,  and  did  not  smell  of  bromine; 
addition  of  0.5  cc.  bromine  water  caused  a  pronounced  odor  of 
bromine,  which  lasted  after  ten  minutes'  shaking.  One  molecule 
of  salt  required  6.02  atoms  of  bromine. 

The  tribromphenol  was  filtered  and  washed:  Found,  1.01 
grams;  calculated,  1.04  grams.  The  filtrate  on  evaporation 
gave  the  sodium  salt  of  phenolsulphonic  acid.  (Weighed  after 
drying  at  1120).    Found,  0.65  gram ;  calculated,  0.62  gram. 

An  exactly  similar  result  was  obtained  with  the  sulphonate  ob- 
tained from  azoxybenzene :  047  gram  sodium  salt  gave  048  gram 
tribromphenol;  calculated,  047  gram.  The  filtrate  gave  029 
gram  sodium  phenolsulphonate ;  calculated,  0.28  gram. 

Finally,  the  free  synthetic  sulphonic  add  was  similarly  treated, 
to  make  sure  that  the  reaction  was  not  confined  to  its  salts.  0.50 
gram  sulphonic  acid  gave  0.56  gram  tribromphenol;  calculated, 
0.59  gram. 

The  formation  of  phenolsulphonic  acid  during  this  reaction 
seemed  mysterious  at  first ;  it  was  then  found  to  be  a  secondary 
product,  derived  from  an  intermediate  diazo  compound.  The  so- 
lution, after  the  addition  of  bromine  water,  gives  up  exactly  1 
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molecule  of  diazo  nitrogen  when  boiled  (atmosphere  of  carbon 
dioxide). 

Diazo  nitrogen :  0.4579  gram  synthetic  sodium  salt  gave  30.7  cc. 
nitrogen  at  13.50  and  741  mm. 

Calculated.  Found. 

Nitrogen 8.3  7.8 

The  diazo  compound  obtained  here  belongs  to  the  normal,  and 
not  to  the  iso  series.  In  two  separate  tests,  the  filtrate  fron*  the 
precipitated  tribromphenol  was  run  into  alkaline  ft  -naphthol, 
within  less  than  twenty  seconds  from  the  first  addition  of  bro- 
mine. In  each  case,  immediate  formation  of  an  azo  dye  was 
noticed.  The  solution  therefore  contained  normal  diazonium- 
bromide-^-sulphonic  acid. 

The  above  analyses  permit  of  a  very  accurate  formulation  of  the 
action  of  bromine  upon  oxyazobenzene  sulphonic  acid.  The  first 
products  are  tribromphenol  and  the  diazo  compound : 

HOtS-CeH4N=NC,H4OH  +  6Br  ==  C.H.Br.OH  + 

HOsS-C,H4NfBr  +  aHBr. 
The  second  step  consists  in  the  hydrolysis  of  the  diazonium  salt : 

HO.S— C,H4NfBr  +  HtO  =  HO.S— CeH4OH  +  N,  +  HBr. 
These  results  are  of  interest  from  two  points  of  view.  In  the 
first  place,  we  have  a  reversal  of  the  ordinary  coupling  reaction  of 
diazo  compounds.  These  react  with  phenols  (in  alkaline  solution) 
to  form  azo  dyes ;  here  an  azo  dye  (in  acid  solution)  breaks  down 
into  a  phenol  and  a  diazo  compound : 

Diazo  Phenol 

Alkali     ^ 

>  Azo  dye  / 
f  Bromines 

Phenol  Diazo 

We  have  all  the  typical  phenomena  of  a  reversible  reaction.  This 
is  all  the  more  curious  since  we  usually  contrast  the  stability  of 
azo  compounds  with  the  instability  of  diazo  compounds ;  compare 
Meyer  and  Jacobson1 :  "Ziinachst  ist  die  grosse  Bestatidigkeit  (der 
Azoverbindungen)  hervorzuheben,  die  im  denkbar  grossten 
Gegensatz  zu  der  Unbestandigkeit  der  Diazoverbindungen  steht'*. 

1  M  lelnfcach,"  Vol.  II,  p.  334. 
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An  entirely  similar  result,  for  which  the  explanation  is  now  at 
hand,  wa«  obtained  by  Witt,1  who  found  that  chrysoidine  (diami- 
noazobenzene)  gives  phenol  and  nitrogen  when  heated  to  150° 
with  dilute  hydrochloric  acid. 

In  the  second  place;  the  above  facts  have  some  bearing  upon  the 
theories  of  Armstrong*  and  of  Hewitt.*  These  investigators  hold 
that  hydroxyazo  compounds  possess  two  isodynamic  (tautomeric) 
structures:  in  alkaline,  or  it  may  be  neutral  solution,  or  in  any 
medium  which  fixes  the  hydroxy  1  group  as  such  (e.  g.,  glacial 
acetic  acid),  we  have  true  hydroxyazo  compounds  (as  formulated 
above).  In  acid  solution,  however,  the  presence  of  derivatives  of 
quinonephenylhydrazone  is  indicated ;  e.  g., 

HOtS— CfH4NH— N=CtH4=0. 

These  authors  have  attacked  the  problem  experimentally  by  study- 
ing the  bromination  of  the  oxygenated  benzene  ring;  a  para- 
substituted  phenol  is  usually  brominated  in  positions  2  and  6; 
quinone,  on  the  other  hand,  would  add  bromine  first  in  positions  2 
and  3,  then  in  5  and  6.  Thus  Hewitt  found  that  hydroxyazoben- 
zene  with  bromine  water  gives  di-0-bromhydroxyazobenzene,  and 
concludes  that  it  is  a  true  hydroxy  compound. 

The  same  appears  to  be  true  to  the  hydroxyazobenzene  sulphonk 
acid  studied  above,  in  spite  of  the  much  greater  acidity  of  its  solu- 
tions; for  it  also  furnishes  a  di-o-substituted  phenol.  Another 
consideration  leads  to  the  same  result.  If  we  imagine  tribrom- 
phenol  formed  from  the  tautomeric  structure  given  above,  the 
hydrazone  molecule  would  form  iw-diazobenzene-^-sulphofric 
acid, 

HO,S— C6H4NH— N=C#H4=0  ~-  HO.S—  Q,H4NH— NO, 
whereas  we  really  have  a  normal  diazonium  salt  produced.    We 
may  conclude  that  there  is  no  reason  for  assigning  to  hydroxyazo- 
benzene-/>-sulphonic  acid  any  other  structure  than  the  one  indi- 
cated by  its  name. 

IV.      MISCELLANEOUS  REACTIONS  OF  AZOXYBENZENE. 

A.  The  Action  of  Hydrochloric  Add  upon  Asoxybenzene.— 
Azoxybenzene  is  quite  indifferent  towards  hydrochloric 

»  Btr.  d.  chem.  Gcs.y  10,  696  (1877). 

*  Proc.  Chum.  Soc.y  19,  343  (1899) ;  16, 158  (1900). 

*/.  Chem.  Sec.  (London),  77,  810  (1900). 
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Upon  heating  I  gram  in  a  current  of  the  dry  gas  to  ioo°  for  two 
hours,  considerable  gas  seemed  to  be  absorbed ;  but  this  escaped  on 
brief  exposure  to  the  air,  and  the  azoxybenzene  was  unchanged  in 
weight  and  in  melting-point. 

Similar  negative  results  were  obtained  upon  heating  azoxyben- 
zene with  concentrated  hydrochloric  acid  solution  (sp.  gr.  1.20) ; 
four  hours  at  iy$°  produced  no  change,  nor  did  five  hours  at  200°. 
On  heating  another  sample  for  eight  hours  to  225  °,  the  azoxy- 
benzene was  completely  changed,  the  tube  contents  were  black, 
much  tar  was  formed,  some  gas,  and  the  solution  gave  reactions 
for  phenol,  aminophenol,  and  chlorinated  aniline.  No  hydroxy- 
azobenzene  was  obtainable.  The  reaction  was  not  examined  fur- 
ther. Werigb1  has  studied  the  action  of  hydrobromic  acid  upon 
azoxybenzene,  and  isolated  only  dibromaniline.  Prom  the  action 
of  hydriodic  acid  upon  azoxybenzene  he  obtained  some  benzidine. 

B.  The  Action  of  Hydroxylamine  upon  Azoxybenzene. — Four 
grams  azoxybenzene  were  boiled  with  free  hydroxylamine  and  a 
great  excess  of  potash  in  methyl  alcohol.  After  six  hours,  the 
mixture  yielded  3.8  grams  unchanged  azoxybenzene,  and  traces  of 
aniline  and  of  azobenzene.  Ten  grams  azoxybenzene  were  simi- 
larly heated  in  a  pressure  flask  to  ioo°  for  sixteen  hours.  The 
mixture  yielded  8.1  grams  azobenzene  (90  per  cent,  of  theory), 
traces  of  aniline,  0.01  gram  o-hydroxyazobenzene  (m.  p.  8o°), 
and  0.02  gram  />-hydroxyazobenzene  (m.  p.  1500). 

From  these  experiments  it  is  clear  that  the  action  of  hydroxyl- 
amine upon  azoxybenzene  is  very  slow,  and  consists  almost  wholly 
of  simple  reduction.  The  formation  of  the  isomeric  hydroxyazo- 
benzenes  under  these  conditions  is  very  interesting;  but  the 
amounts  are  very  small. 

C.  The  Action  of  Phenylhydrazine  upon  Azoxybenzene. — Ten 
grams  azoxybenzene  and  5  grams  phenylhydrazine  were  heated  to 
1  io°  for  four  hours.  Aside  from  a  slight  evolution  of  ammonia, 
no  action  could  be  observed ;  and  all  of  the  azoxybenzene  was  re- 
covered unaltered. 

D.  The  Action  of  Zinc  Ethyl  upon  Azoxybenzene.— Two  grams 
azoxybenzene  were  allowed  to  stand  with  4  grams  of  zinc  ethyl  for 
sixteen  days ;  no  action  was  observable,  and  all  of  the  azoxyben- 

1  Ann.  Cfum.  (I,iefaig),  165,  aoa  (187a). 
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zene  (1.9  grams)  was  recovered.  On  heating  azoxybenzene 
with  zinc  ethyl,  a  very  complex  reaction  took  place.  11.3 
grams  azoxybenzene  were  boiled  with  an  excess  of  zinc  ethyl 
(18  grams)  in  benzene  solution.  After  one  hour,  1000  cc.  of  gas 
had  been  evolved;  in  another  hour,  100  cc  more  were  collected. 
This  gas  contained  27  per  cent,  ethylene;  the  balance  consisted  of 
ethane.  On  pouring  into  dilute  sulphuric  acid,  a  basic  and  a  neu- 
tral oil  were  obtained.  The  basic  oil  (8  grams)  contained  aniline 
and  ethyl  aniline,  and  much  tar;  diethylamide  was  carefully 
sought  for,  but  not  found.  The  neutral  oil  was  directly  distilled, 
and  seemed  to  be  thoroughly  decomposed  during  this  process.  The 
liquid  portion  of  the  distillate  seemed  to  be  composed  of  about 
equal  parts  of  aniline  and  ethylaniline.  Here  again  diethylaniline 
was  looked  for,1  but  could  not  be  detected.  During  the  distilla- 
tion, a  combustible,  basic  gas  was  liberated,  probably  ethylamine. 
No  rational  equation  can  be  given  for  the  action  of  zinc  ethyl 
on  azoxybenzene.  A  complex  reduction  occurs,  and  the  nitro- 
gen atoms  seem  to  be  separated.  It  is  possible  that  in  the  neutral 
oil  some  intermediate  product  exists,  but  no  suitable  method  for 
separating  it  could  be  found.  This  reaction  will  be  the  subject  of 
renewed  investigation  later  on. 

V.      SOME  REACTIONS  0*  DIPHENYLNITROSAMINE. 

For  reasons  to  be  given  further  on,  it  was  necessary  to  subject 
diphenylnitrosamine  to  the  same  reagents  used  with  azoxybenzene. 
In  almost  every  instance,  diphenylnitrosamine  gave  positive  and 
decisive  results  under  conditions  where  azoxybenzene  gave  nega- 
tive or  undecisive  ones. 

The  action  of  zinc  ethyl  upon  diphenylnitrosamine  has  already 
been  carefully  studied.2  It  will  suffice  here  to  summarize  the  re- 
sults. When  the  two  substances  are  brought  together,  an  addition 
product  is  formed  with  almost  explosive  violence;  This  addition 
product,  when  treated  with  water,  breaks  down  quantitatively 
into  diphenylamine,  diethylhydroxylamine,  and  zinc  hydroxide. 

1  The  method  of  separation  employed  in  this  experiment  consisted  in  the  use  of  ni- 
trous acid.  The  oil  was  treated  with  hydrochloric  acid  and  sodium  nitrite,  after  first  add- 
ing ice  and  ether.  The  ethylaniline  was  immediately  extracted  a*  nitrosamine.  The  re- 
sidual solution  was  halved;  one  part  was  precipitated  with  alkaline  naphthol,  and  Use 
aso  dye  weighed.  The  other  part  was  distilled  with  dilute  alkali,  but  gave  no  diethyl- 
amine  (from  possible  nitrosodiethylaniline). 

1  I«achman  :  Am.  Chem.J.,  at,  433  (1899) ;  R*r-  d.  chem.  Ga.%  &|,  ">**  («9*>)- 
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A.  The  Action  of  Hydrochloric  Acid. — When  dry  hydrochloric 
acid  gas  is  allowed  to  act  upon  diphenylnitrosamine,  even  at  o°, 
nitrosyl  chloride  is  split  off.  the  substance  can  be  readily  recog- 
nized by  its  characteristic  properties,  and  when  led  into  potassium 
iodide  solution  it  liberates  iodine  and  nitric  oxide.  A  quantitative 
experiment  showed  that  the  whole  of  the  nitroso  group  in  di- 
phenylnitrosamine is  thus  eliminated :  i  gram  diphenylnitrosamine 
(dissolved  in  ligroin)  was  treated  at  o°  with  hydrochloric  acid 
gas,  and  the  evolved  gases  conducted  into  potassium  iodide.  Air 
was  carefully  excluded  by  carbon  dioxide,  as  otherwise  much 
iodine  is  liberated  by  the  catalytic  action  of  nitric  oxide.  The 
iodine  was  titrated  with  sodium  thiosulphate,  after  first  driving 
out  all  nitric  oxide. 

Calculated  Pound. 

Iodine 0.641  0.622 

The  action*  is  represented  by  the  following  equation : 

(C.H^.N.NO  +  HC1  =  (C#H,)fN.H  +  NOC1. 
The  diphenylamine  left  after  the  reaction  is  not  pure,  apparently 
owing  to  the  formation  of  polymeric  products. 

B.  The  Action  of  Hydroxylamine  on  Diphenylnitrosamine. — 
Hydroxylamine  and  diphenylnitrosamine  react  in  alkaline  solution 
to  form  diphenylamine  and  nitrous  oxide.  Both  of  these  products 
were  obtained  quantitatively.  Four  grams  diphenylnitrosamine, 
2  grams  hydroxylamine  hydrochloride,  and  an  excess  of  methyl 
alcoholic  potash  were  boiled  until  the  evolution  of  gas  ceased". 
The  gas  consisted  of  nitrous  oxide  (see  below)  and  contained 
traces  of  nitric  oxide,  as  shown  by  potassium  iodide  paper.  The 
residual  solution  was  evaporated  and  extracted  with  ether  and 
then  gave  34  grams  pure  diphenylamine  (calculated  34  grams). 
No  unchanged  nitrosamine  was  left,  for  the  diphenylamine  solu- 
tion. .  A  direct  test  showed  that  less  than  0.1  per  cent,  of 
nitrosamine  in  diphenylamine  gave  a  deep  blue  color  under  these 
conditions.  One  gram  nitrosamine  was  boiled  with  a  slight  excess 
of  free  hydroxylamine  in  an  atmosphere  of  carbon  dioxide  (methyl 
alcohol  solution) .  1 13  cc.  moist  nitrous  oxide  were  obtained  ( 16° 
and  737  mm). 

>  See  the  explanation  of  this  reaction  which  I  have  given  :  Bcr.  d.  ckem.  Gc*.%  aj,  103! 
(1900). 
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Calculated.  Pound. 

Nitrogen 0.22  0.20 

In  all  probability,  the  first  action  of  hydroxylamine  on  diphenyl- 
nitrosamine  results  in  a  normal,  oxime-like  condensation, 

(C6H§),N.NO  +  HtNOH  =  (C,H,),N.N=NOH  +  HtO. 
The  intermediate  product  is  unstable  (it  could  not  be  isolated), 
and  breaks  down  into  nitrous  oxide  and  diphenylamine, 

(CeH6)fN.N=NOH  =  (CfH6)tNH  +  NfO. 
The  reaction  proceeds  rapidly  in  the  presence  of  free  alkali,  re- 
quiring not  more  than  fifteen  minutes ;  in  the  absence  of  alkali  it 

takes  about  an  hour. 

C.  The  Action  of  Phenylhydrazine  on  Diphenylnitrosamine. — 
When  molecular  quantities  of  phenylhydrazine  and  diphenyl- 
nitrosamine are  warmed  on  the  water-bath,  a  violent  reaction  sets 
up.  Much  gas  is  liberated,  and  the  mixture  is  shot  out  of  die 
containing  vessel.  For  the  purpose  of  studying  the  reaction  a 
little  more  carefully,  two  procedures  were  adopted.  The  first 
method  consisted  in  carrying  out  the  operation  in  sealed  tubes. 
Four  grams  nitrosamine  and  2.2  grams  of  phenylhydrazine  were 
heated  in  an  evacuated  tube.  After  cooling,  420  cc. gas  (corrected) 
were  obtained.  This  gas  was  pure  nitrogen ;  its  weight  is  0.53  gram 
(calculated  for  1  molecule  of  nitrogen,  0.56  gram).  The  tube 
contents  gave  3.2  grams  diphenylamine,  and  a  little  aniline,  the 
amount  of  the  latter  being  too  small  to  determine.  No  other 
products  could  be  found  in  this  or  in  several  other  similar  experi- 
ments ;  benzene  was  carefully  sought  for,  but  no  certain  indication 
of  its  presence  could  be  obtained.  , 

The  second  method  consisted  in  boiling  the  two  substances  in 
dry  ether  for  from  four  to  twelve  hours.  The  gas  given  off  under 
these  circumstances  contains  considerable  nitric  oxide ;  if  air  has 
access  to  the  flask,  a  little  nitric  acid1  also  forms.  Nitric  oxide 
also  appears  in  small  amount  when  the  substances  are  heated  in  a 
sealed  tube  still  containing  air.  Here  again,  no  tangible  product 
except  diphenylamine  could  be  isolated.  From  the  same  quanti- 
ties as  above  3.3  grams  diphenylamine  were  found ;  calculated  34 
grams. 

1  This  was  precipitated  during  the  reaction  as  phenylhydrazine  nitrate,  which 
analysed.    (Nitrogen  found,  24.4  per  cent.;  calculated,  24.6.) 
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So  far  as  the  two  products  actually  obtained  are  concerned,  the 
equation  may  be  written  as  follows : 

CeHsNH— NH,  +  (CiHJ1N.NO  =  (C.HJ.NH  +Nf  +  ?(CiHlN). 
It  seems,  however,  that  as  an  actual  fact  less  phenylhydrazine  is 
used  up  than  is  called  for  by  this  equation ;  about  one-fifth  can  be 
recovered  as  benzalphenylhydrazone  after  adding  benzaldehyde. 
This  interesting  reaction  will  be  studied  more  closely  hereafter. 
In  some  respects  it  closely  resembles  the  action  of  phenylhydrazine 
on  aromatic  C-nitroso  compounds,  recently  investigated  by 
Clauser1 : 

R— NO  +  C.H.NHNH,  =  R— N<  +  C.H,  +  H.O  +  Nr 
Reference  should  also  be  made  here  to  the  action  of  hydrazine 
(diamide)a  on  diphenylnitrosamine ;  reduction  occurs,  diphenyl- 
amine  and  asym.-diphenylhydrazine  being  the  products. 

VI.      THE  CONSTITUTION  OF  AZOXYBENZENE. 

The  structure  usually  assigned  to  azoxybenzene, 

o 

rests  upon  no  direct  evidence  whatever,  and  within  the  last  few 
years  a  number  of  authors*  have  suggested  the  following  consti- 
tution as  an  alternative : 

C.H.— N  ts  N— C.H, 

II  (II) 

O 

It  must  be  said  that  as  little  direct  evidence  exists  for  this  second 
structure  as  for  the  first.  Bruhl,  to  be  sure,  has  found  the  refrac- 
tive power  of  azoxybenzene  to  be  greater  than  can  be  accounted 
for  by  (I),  and  even  proposes  a  third  structure  as  equally  satis- 
factory to  him : 

CTJ  XT— XT        r*  %T 

\y  (in) 

o 

*  Ar.  d.  ckem.  Ges.%  34, 889  (190s).  My  own  experiments  were  completed  tome  months 
before  Claueer*s  paper  appeared. 

>  Cited  in  Beilatein,  third  edition,  Vol.  II,  p.  339.     I  was  unable  to  find  the  author  and 
the  journal  reference. 

*  Meyer-Jacobaon  :  "  I^ehrbueh.''  VoL  n,  p.  351  (1894);  Bamberger  :  Ber.  d.  ckem.  6Vr. 
SO,  3413  (1896)  ;  Bruhl :  Ibid,,  31, 1361  (1898);  33,  x»  09°o)> 
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I  confess  my  inability  to  see  any  valid  differences  between  (III) 
and  (I)  ;  and  the  present  discussion  will  be  confined  to  formulas 
(I)  and  (II).  Nor  will  Bruhl's  "spectro-chemical"  data  be  con- 
sidered at  this  time,  for  extrapolations  of  this  sort  weigh  little  as 
evidence  when  applied  to  wholly  unknown  atomic  groupings.1 

The  general  indifference  of  azoxybenzene  to  reagents  renders 
it  almost  impossible  to  deduce  its  structure  from  its  own  reac- 
tions, and  for  the  purposes  of  the  present  investigation,  a  compara- 
tive method  was  chosen.  This  consisted  in  the  study  of  the  be- 
havior of  diphenylnitrosamine  towards  the  same  reagents. 

There  is  a  very  close  resemblance  between  the  structure  of  di- 
phenylnitrosamine and  formula  (II)  above,  which  is  clearly 
shown  by  a  slightly  different  method  of  writing : 

C.H.— N— C,H6  C§H4— N    CeH5 

I  11/        • 

N=0  N=0 

Diphenylnitrosamine.  Azoxybenzene  (II). 

In  the  first  place,  the  two  substances  are  isomeric ;  in  the  second 
place,  each  contains  two  phenyl  groups ;  in  the  third  place,  each 
possesses  two  nitrogen  atoms  which  are  directly  joined.  Surely, 
if  the  similarity  extends  to  the  nitrogen-oxygen  linking  also,  some 
slight  similarity  of  behavior  may  be  looked  for  in  these  two  com- 
pounds. 

Upon  comparing  the  results  reached  above,  however,  we  find 
that  no  similarity  whatever  exists.  At  0°,  diphenylnitrosamine 
decomposes  hydrochloric  acid;  at  200°,  azoxybenzene  is  unable  to 
do  so.  At  the  boiling-point  of  methyl  alcohol,  the  nitrosamine 
reacts  promptly  with  hydroxylamine ;  azoxybenzene  is  indifferent 
to  it,  and  is  but  slowly  reduced  to  azobenzene  at  a  much  higher 
temperature.  Diphenylnitrosamine  reacts  violently  with  phenyl- 
hydrazine;  azoxybenzene  does  not  react  at  all.  Diphenyl- 
nitrosamine adds  zinc  ethyl  with  great  energy  in  the 
cold;  azoxybenzene,  on  the  other  hand,  does  not  act 
at  all  in  the  cold,  and  undergoes  complex  decomposition  when 
heated  with  this  reagent.  Showing  no  similarity  in  its  reactions 
to  diphenylnitrosamine,  azoxybenzene  cannot  have  a  similar  struc- 
ture; and  nothing  remains  but  to  regard  the  older  formula  (I)  as 

1  See  Hauteach,  Ber.  d.  cfum.  G*s.s  39, 3x48  (1899),  for  a  similar  opinion  of  the  applia- 
bUity  of  Brlhl'a  data  to  nitrogen  compounds. 
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the  best  expression  of  its  chemical  behavior;  for,  after  all,  the 
structural  formula  of  a  substance  is  but  a  condensed  account  of 
its  chemical  behavior. 

Another  line  of  reasoning  also  leads  to  the  exclusion  of  formula 
(II).  Azobenzene,  CeH,  —  N  =  N  —  CeHB,  which  contains  the 
doubly  linked  nitrogen  atoms  assumed  in  that  structure,  reacts1 
with  zinc  ethyl  with  great  violence,  yielding  ethylene  and  aniline, 
(the  latter  in  almost  theoretical  amount).  If  azobenzene  on  the 
one  hand,  and  diphenylnitrosamine  on  the  other,  react  so  quickly 
and  smoothly  with  zinc  ethyl,  the  indifference  of  azoxybenzene 
points  to  a  marked  diversity  of  structure. 

A  knowledge  of  the  true  structure  of  azoxybenzene  is  important 

from  one  general  point  of  view:  this  substance  represents  the 

most  stable  known  form  of  union  between  oxygen  and  nitrogen  in 

organic  compounds.    The  azoxy  grouping  we  have  just  seen  to 

be  more  inert  than  the  nitroso  group ;   it  is  more  inert  than  the 

nitro  group.    The  amine  oxides  are  also  much  more  active  than 

azoxy  compounds.     If  this  inertness  means  anything  at  all,  it 

indicates  that  in  the  grouping, 

••      •• 
_N_N— 

\/      . 
O 

we  have  the  most  complete  saturation  of  the  affinities  of  oxygen 

and  nitrogen  for  each  other. 

This  is  well  shown  by  thermochemical  data;  azobenzene  may 
be  directly  oxidized'  to  azobenzene,  and- the  reaction  is  accom- 
panied by  the  evolution  of  considerable  heat* ; 

C.H.— N=N— C,H,  +  O  =  C.H.— N— N— C.H,  +  257K. 

O 

Contrast  this  with  the  negative  heat  of  formation  of  the  oxides  of 
nitrogen ;  for  example :  nitrous  oxide,  2N  +  O  =  N,0  —  180K ; 
nitric  oxide,  N+0=NO  —  216K;  N -f  2O 5=  NOt  —  77K. 

Having  thus  definitely  established  the  constitution  of  azoxy- 
benzene, it  will  perhaps  be  justifiable  to  draw  the  general  conclu- 

•  Frankland  and  Loola  :  J.  Ohm.  Soc.  (I*ondon),  37, 560  (1880)* 

•  Pciilew  :  BeHatein.  VoL  IV,  p.  1348.  8ee  alto  the  easy  oxidation  of  dinitroacoben- 
aene  to  the  aaoacy  compound;  Werner  and  Stiaany  :  Bcr.  d.  ch*m.  Ga..  ja,  3*69  (1899). 

•  Petit :  Ann.  dUm.fikyt.,  (6).  IS,  160  (1889). 


1200  ALFRED   N.    COOK   AND  CHARLES  F.    EBERLY. 

sion  that  in  its  nitrogen  compounds  a  bridged  oxygen  atom  shows 
little  tendency  towards  chemical  action,  and  to  apply  this  conclu- 
sion to  the  study  of  the  valence-problem  in  other  nitrogen-oxygen 
compounds. 

SA3T  P&AKCI8CO,  Augttflt.  1 902. 


DERIVATIVES  OF  PHENYLETHER.  III. 

By  Alfred  S.  Cook  and  Cha&lrs  P.  Ebkrlt. 

RoodTed  September  ]a  190s. 

In  papers1  previously  published,  accounts  were  given  of  the 
preparation  of  several  derivatives  of  phenylether  by  the  action  of 
orthobromnitrobenzene  upon  ortho-,  meta-,  and  paracresolates  of 
potassium,  and  by  reducing,  oxidizing,  and  sulphonating  the  re- 
sulting compounds.  During  the  past  few  months  the  work  has 
been  continued  and  extended  to  the  reaction  between  the  cresob 
and  parabromnitrobenzene  with  results  as  given  in  this  paper  and 
two  others  that  will  follow. 

4-NITRO-2'«MBTHYL  PHENYLETHER,  NO,.C8H4 — O — C^H^CH,. 

This  compound  was  prepared  by  the  action  of  parabromnitro- 
benzene upon  potassium  paracresolate  (prepared  by  a  method  de- 
scribed in  a  previous  article)  .*  The  reaction  is  represented  by  the 
following  equation : 

NOf.CsH4Br  +  KO.C6H4.CH,  =  NOt.CsH4OCiH4.CHi  +  KBr. 
Molecular  equivalents  of  the  two  reacting  substances  were  heated 
in  an  oil-bath  to  1350  C.  An  action  began,  as  was  shown  by  the 
agitation  of  the  fused  mass,  which  continued  for  some  time  as 
long  as  heat  was  applied.  When  it  was  ended  the  temperature 
was  raised  to  1600  without  inducing  any  further  action.  There 
remained  a  dark  brown  liquid  and  a  copious  precipitate  of  potas- 
sium bromide.    The  yield  was  very  good. 

The  nitro  methyl  phenylether  was  separated  from  the  para- 
bromnitrobenzene not  acted  upon,  and  other  constituents,  by 
fractional  distillation  under  diminished  pressure.  In  a  good 
vacuum  it  boils  about  60 °  higher  than  parabromnitrobenzene  and 
much  higher  than  the  other  contaminating  substances. 

1  Am.  Out*.  /.,  94,  535-3^9 ;  This  Journal,  33, 806-8x3. 
t  This  Journal,  93,  806. 
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4-Nitro-2'-methyl  phenylether  is  a  tasteless,  oily,  reddish  brown 
liquid  which  is  soluble  in  organic  solvents  in  general.  It  did  not 
solidify  when  subjected  to  a  temperature  considerably  below  zero. 
An  attempt  to  oxidize  the  side-chain  with  chromic  acid  in  acetic 
acid  solution  was  unsuccessful.  The  phenylether  was  entirely 
destroyed.  Under  a  pressure  of  27  mm.  it  boils  at  220°-222°. 
Two  analyses  for  nitrogen  gave  6.$6  and  645  per  cent..  Theory 
requires  6. 11  per  cent. 

4-NlTRO-2'-MBTHYL  PHBNYUCTHER  SULPHONIC  ACID, 

N01.CHI.C1JH7O.SO,H. 

This  compound  was  prepared  by  dissolving  the  corresponding 
ether  in  a  small  quantity  of  concentrated  sulphuric  acid  by  the  aid 
of  the  heat  of  the  boiling  water-bath.  The  solution  was  then  di- 
luted with  several  volumes  of  water,  the  excess  of  sulphuric  acid 
precipitated  with  lead  chloride,  and  the  excess  of  lead  precipitated 
with  hydrogen  sulphide.  On  concentrating  the  solution  to  a  small 
bulk  a  thick,  syrupy,  red  liquid  separated  out.  On  redissolving  in 
hot  water  and  allowing  to  stand,  however,  it  crystallized  out  in  tufts 
of  white  needle-like  crystals.  After  recrystallizing  several  times 
it  melted  sharply  at  1150.  It  is  soluble  in  acids,  alcohol,  and  hot 
benzene,  has  a  bitter  taste,  and  the  syrupy  liquid  previously  men- 
tioned has  a  sharp  piercing  odor.  It  also  dyes  the  hands  and 
cloth  yellow  while  the  crystalline  substance  does  not  do  so.  A 
weak,  water  solution  of  the  acid  did  not  give  a  precipitate  with 
any  of  the  metals.  Its  composition  was  determined  by  the 
analysis  of  the  barium  salt  given  below. 

Barium  Salt,  (CH,.NOa.C11H7O.S08),Ba.— This  salt  was  pre- 
pared by  adding  sufficient  barium  chloride  to.  the  diluted  sulphuric 
acid  solution  of  the  ether  to  remove  all  of  the  sulphuric  acid  and 
change  all  of  the  free  sulphonic  acid  to  the  barium  salt.  It  is  one 
of  the  least  soluble  salts  that  have  been  prepared,  on  account  of 
which  most  of  it  was  precipitated  with  the  barium  sulphate  and 
had  to  be  extracted  from  it  with  hot  water,  from  which  it  crystal- 
lized out  in  yellow  crystalline  grains,  on  cooling.  13.27  parts  of 
the  salt  are  soluble  in  1000  parts  of  ho*  water  at  the  temperature 
of  the  boiling  water-bath,  and  3.77  parts  are  soluble  in  1000  parts 
of  water  at  240  C. 

It  is  therefore  approximately  twice  as  soluble  as  the  correspond- 
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ing  salt  of  2-nitn>-2'-methyl  phenylether  and  about  half  as  soluble 
as  the  corresponding  strontium  salt.  Two  determinations  of  the 
barium  after  purification  by  recrystallization  from  water  gave 
18.38  and  1 7.89  per  cent,  barium.  Calculated  for  (CltH10OtNS)tBa, 
18.18  per  cent. 

Copper  Salt,  (NO,.CHt.ClfH7.SOt)sCu  +  5?HtO.— T*»  cop- 
per salt  was  prepared  by  treating  a  water  solution  of  the  barium 
salt  with  a  molecular  equivalent  of  copper  sulphate  in  water.  On 
concentrating  the  filtrate  a  greenish  yellow  powder  was  obtained 
which  was  desiccated  over  sulphuric  acid.  On  being  heated  in 
the  air-bath  for  some  time  at  ioo°  it  lost  in  weight  and  turned 
brown.  On  being  allowed  to  come  in  contact  with  the  air  for  a 
few  hours  it  increased  in  weight  and  assumed  its  original  color. 
The  results  of  the  determination  of  the  water  of  crystallization 
were  only  fairly  satisfactory,  but  corresponded  nearest  with  5 
molecules. 

The  Sodium  Salt  was  prepared  by  treating  a  water  solution  of 
the  barium  salt  with  a  molecular  equivalent  of  sodium  carbonate 
in  water.  It  crystallized  as  a  fine  yellow  powder  which  melted  at 
233°.  It  is  very  soluble  in  water  and  the  solution  is  much  more 
yellow  than  the  salt  itself. 

The  Potassium  Salt,  prepared  in  an  analogous  manner  with  die 
sodium  salt,  crystallized  from  a  concentrated  water  solution  in 
small,  yellow  flakes  which  melted  at  205  °. 

4-AMINO-2'-METHYL  PHBNYLBTHBR,  CHj.C.H.OC^.NH,. 

The  free  amino  compound  was  prepared  from  the  amino  hydro- 
chloride described  below  by  precipitation  with  ammonium  hydrox- 
ide. It  is  soluble  in  alcohol  and  benzene,  insoluble  in  ether,  and 
melts  at  about  6o°.  Its  composition  was  determined  by  die 
analysis  of  the  hydrochloride. 

The  Amino  Hydrochloride  was  prepared  by  reducing  4-nitro- 
2/-methyl  phenylether  with  tin  and  hydrochloric  acid  in  alcoholic 
solution  while  warming  on  the  water-bath.  The  tin  was  pre- 
cipitated with  hydrogen  sulphide  and  the  filtrate  concentrated  to 
crystallization  on  the  water-bath  when  it  assumed  a  pink  tint.  It 
crystallized  in  long  needles  and  scales,  but  was  recrystallized  with 
difficulty,  owing  to  decomposition.  It  melted  at  i82°-i83°,  and  is 
soluble  in  alcohol,  but  insoluble  in  benzene  and  ether.      Two 
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analyses  of  the  hydrochloride  for  chlorine  gave  15.15  and  14.88 
per  cent.    Calculated,  15.08  per  cent. 

The  Nitrate  was  prepared  by  dissolving  the  free  amino  deriva- 
tive in  dilute  nitric  acid.  On  cooling,  it  crystallized  in  flaky 
crystals  which  melted  with  decomposition  at  I53°-I55°.  It  is 
soluble  in  alcohol  and  water,  but  insoluble  in  organic  solvents  in 
general. 

The  Sulphate,  prepared  in  the  same  manner  as  the  nitrate,  sepa- 
rates from  a  water  solution  on  cooling  in  warty  crystals.  It  melts 
with  decomposition  at  I55°-i6o°. 

The  Hydrobromide,  prepared  in  an  analogous  manner  with  the 
two  preceding,  is  soluble  in  water  and  alcohol,  but  insoluble  in 
organic  solvents  in  general.  It  crystallizes  from  a  water  solution 
in  warty  aggregations  like  the  sulphate,  and  melts  with  decompo- 
sition at  2OO°-204°. 

The  Platinum  Salt  was  prepared  by  precipitation  from  a  water 
solution  of  the  hydrochloride  with  a  solution  of  chlorplatinic  acid. 
It  is  a  light  brown  substance  which  melts  with  decomposition  at 
i8o°-i90°.  A  specimen  which  had  been  desiccated  over  sulphuric 
acid,  when  heated  in  the  air-bath  at  ioo°,  lost  in  weight,  but  in- 
creased to  its  original  weight  when  allowed  to  remain  in  contact 
with  the  air  for  some  time.  Our  substance  was  not  of  sufficient 
purity,  on  account  of  the  difficulty  of  purifying  the  hydrochloride 
from  which  it  was  made,  to  determine  the  number  of  molecules  of 
water  of  crystallization  with  a  high  degree  of  accuracy,  but  it  is 
probably  one. 

DINITRO  METHYL  PHBNYLBTHER,  (NO^j.CHg.Cu^O. 

In  the  first  article  on  the  "Derivatives  of  Phenylether"  attention 
was  called  to  the  fact  that  nitric  acid  acted  on  the  nitro-methvl 
derivatives  of  phenylether,  but  until  the  present  no  attempt  was 
made  to  study  the  reaction.  On  simply  mixing  the  two  substances 
the  temperature  was  slightly  raised  and  the  nitric  acid  assumed  a 
reddish  color.  On  warming,  a  violent  action  set  in  with  the  evo- 
lution of  dense  brown  fumes,  the  temperature  rose  to  900,  and  the 
phenylether  passed  completely  into  solution.  Continued  applica- 
tion of  heat  did  not,  apparently,  cause  any  further  action.  The 
resulting  solution  was  of  a  deep  red  color.  On  diluting  with 
water  there  was  precipitated  a  yellow  oil.    On  repeated  washing 
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with  water  and  kneading  with  a  glass  rod  it  became  viscous  and 
finally  solidified,  and  after  repeated  crystallization  from  hot  alco- 
hol it  melted  at  1250. 

Nitro-4-nitro-2'-methyl  phenylether  is  a  yellow  crystalline  sub- 
stance which  is  soluble  in  sulphuric  ether,  petroleum  ether,  ben- 
zene, nitrobenzene  and  aniline.  An  attempt  to  obtain  an  amino 
derivative  by  reducing  with  tin  and  hydrochloric  acid  was  unsuc- 
cessful, owing  to  its  decomposing  when'  an  attempt  was  made  to 
evaporate  the  solution  to  crystallization.  The  results  of  the 
analysis  for  nitrogen  together  with  its  mode  of  formation,  would 
lead  us  to  the  conclusion  that  it  is  a  dinitro  methyl  phenylether. 
Two  analyses  for  nitrogen  gave  10.55  and  10.35  per  cent.  Calcu- 
lated, 10.22  per  cent. 

MoRHnfGMDB  College, 

Sioux  City,  Iowa. 

August  io,  1909. 
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STEEL. 

By  Jobk  V.  R.  Stbhmak. 

RtcdTM  Septsnbcr  13,  tpos< 

Walters,1  has  shown  that  ammonium  persulphate  in  the  pres- 
ence of  a  small  amount  of  silver  nitrate  can  be  employed  to  ad- 
vantage in  place  of  lead  peroxide,  for  the  oxidation  of  manganese 
in  the  colorimetric  method. 

The  writer  has  been  using  lead  peroxide  as  an  oxidizing  agent 
and  titrating  the  permanganic  acid,  with  a  standard  solution  of 
sodium  arsenite  after  first  filtering  free  from  lead  oxides,  through 
an  asbestos  filter.* 

In  attempting  to  replace  the  lead  peroxide  by  the  ammonium 
salt  and  titrating  as  before,  the  silver  salt,  of  course,  caused  trouble. 
If,  however,  the  silver  salt  is  thrown  out  of  solution  before  titra- 
tion is  begun,  as  insoluble  silver  chloride,  the  determination  of  the 
permanganic  acid  by  a  standard  solution  of  sodium  arsenite  may 
be  readily  accomplished. 

The  silver  salt  can  be  precipitated  by  a  solution  of  sodium  chlo- 

1  Age  0/ Steel,  November,  1901  ;  This  Journal,  sa,  R.  xa. 
*  Blair's  '*  Analysts  of  Iron,"  third  edition. 
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ride,  giving  to  the  solution  a  fine  white  background,  in  which  the 
end-reaction  is  well  marked.  It  was  found  necessary  with  pig 
irons,  to  filter  free  from  graphite  after  solution,  as  the  graphite 
gives  to  the  solution  a  peculiar  color,  in  which  it  was  difficult  to 
distinguish  the  end-reaction. 

The  following  is  the  method  adopted :  Weigh  off  into  a  6-inch 
test-tube  0.2  gram  of  the  sample;  add  10  cc.  nitric  acid  (sp.  gr. 
1.20),  heat  to  boiling  in  hot  water-bath  till  dissolved,  and  free 
from  nitrous  fumes.  Filter  into  a  10  by  i-inch  test-tube  (using 
a  small  filter),  wash  filter  twice  with  hot  water  containing  a  little 
nitric  acid,  and  add  through  the  filter  to  the  contents  of  tube,  15 
cc.  of  a  solution  of  silver  nitrate  (1.33  grams  to  the  liter).  One 
gram  of  ammonium  persulphate  is  now  added  and  the  solution 
brought  to  the  boiling-point,  using  a  free  flame;  heating  is  con- 
tinued for  about  one  minute  after  oxidation  begins.  The  tube 
and  contents  are  now  cooled  rapidly  under  the  spigot  and  poured 
into  a  No.  2  beaker,  washing  out  the  tube  with  30  or  40  cc.  of 
water;  5  cc.  of  a  saturated  solution  of  sodium  chloride  are  now 
added  to  the  solution  in  the  beaker,  silver  chloride  being  precipi- 
tated immediately,  and  titration  is  begun  at  once  with  standard 
sodium  arsenite.  The  sodium  arsenite  solution  is  standardized 
against  standard  permanganate  or  it  may  be  standardized  by  an 
iron  in  which  the  manganese  has  been  accurately  determined.  The 
former  is  the  more  rapid  and  will  be  found  to  check  closely  with 
the  latter. 

The  ammonium  persulphate,  as  pointed  out  by  Walters,1  causes 
complete  oxidation  only  when  damp ;  he  therefore  adds  10  cc.  of 
water  to  each  pound  of  the  salt  the  day  before  used.  A  determi- 
nation by  the  above  method  may  be  made  in  twenty-five  minutes 
in  the  case  of  pig  irons ;  with  steels,  where  filtration  'is  not  neces- 
sary and  the  sample  can  be  dissolved  directly  in  a  large  test-tube, 
the  method  is  more  rapid  than  the  color  method  in  which  lead  per- 
oxide is  usea  as  an  oxidant. 

Below  are  a  few  results  obtained  in  pig  irons. 

1  Loc.  cit. 
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Laboratory  of  the  B.  and  g.  Brooks  Irom  Co., 

Bxrbsboro,  Pa. 

THE  RAPID  DETERMINATION  OP  CARBON   BY  COMBUS- 
TION. 

By  Gborob  Auchy. 

Reodvtd  Stptawbm  f.  190a. 

Some  experiences  with  the  dry  method  of  combustion  having 
led  the  writer  to  the  suspicion  that  the  employment  of  a  rapid  rate 
of  gas  flow  is  occasionally  attended  with  loss  on  account  of  incom- 
plete oxidation  by  the  copper  oxide  of  the  products  of  ignition 
and  combustion,  it  was  thought  that  it  might  be  advantageous  to 
use  the  Shimer  apparatus  with  the  modification  of  having  the 
copper  oxide  in  the  crucible  instead  of  in  a  tube. 

In  this  plan  the  products  of  combustion  are  not  forced  through 
the  copper  oxide  by  the  current  of  oxygen,  but  are  carried  in 
through  the  apparatus  by  the  current  of  oxygen  after  oxidation  by 
the  copper  oxide  has  been  effected.  Therefore,  the  time  of  con- 
tact with  the  copper  oxide  is  entirely  independent  of  the  rate  of 
gas  flow  employed,  and  the  carbon  compounds  will  be  just  as 
thoroughly  oxidized  by  the  copper  oxide  with  a  fast  as  with  a  slow 
rate.  The  carbon  dioxide  is  formed  and  driven  to  the  top  of  die 
layer  of  copper  oxide  by  the  heat  of  the  blast-lamp.  Is  this  period 
of  contact  with  the  copper  oxide  sufficient  for  complete  oxidation? 
If  so,  the  rapidity  of  the  passage  of  oxygen  is  limited  only  by  the 
capacity  of  the  potash  solution  to  absorb  carbon  dioxide  rapidly 
and  completely.  With  solution  of  1400  sp.  gr.  this  capacity  is 
very  great. 

This  plan  of  having  the  copper  oxide  in  the  crucible  had  been 
tried  by  Dr.  Shimer  himself  who  in  his  original  article  speaks  of 
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an  experiment  in  which  the  carbon  sponge  was  covered  with 
asbestos  coated  with  copper  oxide.  The  result,  however,  was  a 
little  low.  It  seemed  to  the  writer  to  be  worth  while  to  do  more 
experimenting  in  this  direction.  A  new  form  of  large  size 
crucible  was  used.  The  one-half-hour-dried  carbon  residue  and 
asbestos  felt  of  good  thickness,  which  had  previously  been  trans- 
ferred (without  disturbing  its  shape)  from  a  Hirsch  funnel, 
smallest  size,  into  a  small  watch-glass  for  drying,  was  transferred 
to  the  crucible,  carbon  side  'up1 ;  the  wad  of  asbestos  used  for 
cleaning  out  the  funnel  was  placed  to  one  side ;  both  were  pressed 
down  evenly  on  the  bottom  by  a  thick  glass  rod  with  a  spread-out 
end ;  the  crucible  was  filled  to  nearly  the  point  of  reaching  the 
inlet  tube  of  the  stopper  when  in  position,  with  finely  ground 
copper  oxide  freed  completely  from  carbon,  and  thoroughly 
tested  in  this  particular  by  preliminary  blank  tests;  the  copper 
oxide  tube  was  omitted  altogether ;  the  blast-lamp  was  used  for 
ignition,  and  purified  oxygen  (air  should  also  serve)  was  used 
at  a  four-  or  five-bubble  rate,  allowing  ten  minutes  for  the  com- 
bustion; the  oxygen  was  used  throughout,  and  the  potash  bulb 
was  weighed  filled  with  oxygen.8  The  following  results  were 
obtained : 


No. 
3886 

3642 

3906  S 

3819 

39" 

3818  i.n  -I1,1* 

fi.46 
39io  \T^  1.45 

1  After  the  last  washing  of  the  carbon  sponge,  some  of  the  copper  oxide  ( 3  spoonfuls— 
illest  sice  horn  spoon)  diffused  in  water  was  poured  on  and  sucked  down. 
*  This  was  proposed  by  Dr.  Dudley  who,  however,  deprecates  the  use  of  this  plan  in 
important  work.  In  this  the  writer  must  disagree  with  him.  But  there  is  a  precaution  to 
be  observed  in  this  connection.  When  the  bulbs  filled  with  oxygen  stand  over  night  they 
looe  weight,  probably  because  of  diffusion  between  the  air  on  the  outside  and  the  oxygen 
within.  We  have  found  this  loss  to  be  about  0.0030  gram,  but  it  would  doubtless  vary 
somewhat  in  different  cases.  A  correction  for  this  loss  must  be  applied  to  the  first  combus- 
tion each  morning,  or,  better,  the  bulbs  should  be  filled  with  oxygen  before  use,  when- 
they  stand  for  some  time  between  successive  combustions. 


Regular  combustion, 

i-bubble  rate. 
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No. 
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These  results,  for  practical  purposes,  are  very  fair  indeed.  The 
results  are,  on  the  average,  0.007  Per  cent-  l°w-  The  doing  away 
with  the  copper  oxide  tube  is  a  gain  in  simplicity. 

It  was  thought  that  possibly  the  copper  oxide  in  the  crucible,  on 
account  of  its  finely  ground  condition,  might  act  as  an  absorbent 
for  the  chlorine  and  hydrochloric  acid  of  the  carbonaceous  residue. 
The  1.03  carbon  standard  was  determined  with  the  glass  bead 
tube  (the  hydrochloric  acid  absorbent)  omitted,  result,  1.03  per 
cent.,  indicating  that  all  the  hydrochloric  acid  and  chlorine  is 
absorbed  by  the  finely  ground  copper  oxide,  and  that  the  glass  , 
bead  tube  may  therefore  also  be  dispensed  with.  It  would,  how- 
ever, require  a  considerable  number  of  tests  to  prove  conclusively 
that  all  the  hydrochloric  acid  is  retained  in  the  crucible  in  every 
case.  In  the  meantime,  it  is  some  gratification  to  know  that  the 
copper  oxide  at  least  helps  to  absorb  it. 

In  the  original  Shimer  method,  the  asbestos  is  placed  in  the 
crucible,  carbon  side  down.  It  might  be  thought  that  in  using 
this  modification  in  order  to  insure  a  complete  combustion,  it 
would  be  well  to  make  the  asbestos  layer  as  thin  as  possible. 

The  writer  at  first,  in  filtering,  covered  the  asbestos  with  a  layer 
of  the  copper  oxide,  and  at  the  end  of  the  filtration  scraped  off  the 
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carbon  and  copper  oxide  from  the  asbestos,  and  placed  these  in 
the  crucible  directly  in  the  bottom  and  to  one  side  of  the  asbestos. 
But  in  this  plan  the  volatile  portion  of  the  carbonaceous  residue 
seems  to  be  driven  off  before  the  copper  oxide  has  become  suf- 
ficiently heated.  Results  0.03  per  cent,  low  were  obtained  in  this 
way  in  cases  of  steel  which  by  the  process  directed  above  came 
either  right,  or  only  0.015  low.  A  good  layer  of  asbestos  seems 
therefore  essential,  and  the  writer  also  makes  it  a  point  not  to  dry 
thoroughly  previous  to  combustion,  but  never  longer  than  one-half 
hour  at  900  C.  The  copper  oxide,  is,  however,  thoroughly  dried 
by  a  short  ignition  in  a  platinum  dish  or  crucible  before  each  cbm- 
bustion. 

Besides  the  results  given  above,  there  is  other  evidence  which 
gives  the  writer  confidence  in  this  process.  At  these  works  it  is 
the  custom  to  take  two  samples  from  each  heat  of  basic  open- 
hearth  steel,  determining  the  carbon  (and  phosphorus)  in  each.1 
As  these  two  samples  may  differ  in  carbon,  a  close  agreement  in 
the  results  in  any  one  case,  proves  nothing,  with  regard  to  accu- 
racy of  method.  But  many  such  agreements — one  test  regular, 
the  other  by  the  Shimer  modified — are  entitled  to  be  considered  as 
evidence  to  the  accuracy  of  the  latter  process.  In  cases  of  dis- 
agreement and  the  Shimer  result  coming  low,  the  latter  for  a 
while  were  repeated  by  the  regular  process,  and  the  results  of  the 
above  table  were  for  the  most  part  obtained  in  this  way. 

This  plan  has  now  been  abandoned  on  account  of  risk  of  getting 
into  "hard"  or  "soft"  spots  twice  in  succession.  We  now  mix 
together  equal  weights  of  drillings  from  six  different  samples 
(pieces  of  runner)  of  a  heat,  and  make  one  combustion. 

It  is  the  writer's  custom  in  his  daily  work  to  report  carbon  re- 
sults in  whole  numbers  or  halves,  as  the  case  may  be,  and  this 
custom  has  been  adhered  to  in  this  table. 

A  very  great  improvement  in  connection  with  the  carrying  out 
of  carbon  determinations,  and  one  which  once  tried  will  not  be 
abandoned,  is  Dr.  Sargent's  plan  of  rechlorinating  the  used  double 

1  In  cases  of  ■  greater  variation  than  0.06  per  cent,  a  third  sample  (or  fourth,  if  neces- 
sary) is  taken.  The  average  is  taken,  not  of  all  the  samples,  but  only  of  the  two  whose 
results  agree  within  0.06  per  cent.  The  other,  or  others,  are  ignored,  experiments  having 
indicated  that  they  are  merely  "  hard  spots  "  or  "  soft  spots  "  as  the  case  may  be.  Our 
experience  is  in  agreement  with  Wahlberg'sthat  low  and  medium  carbon  steels  are  more 
apt  to  vary  than  high  carbon  steels,  and  that  phosphorus  is  more  likely  to  vary  than  carbon. 
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chloride  solution.    There  is,  however,  a  source  of  error  connected 
with  its  use  that  deserves  to  be  known. 

It  would  seem  that  solution  of  drillings  should  not  be  accom- 
plished by  allowing  to  stand  at  rest  over  night,  except  a  brisk  cur- 
rent of  air,  or  urisk  stirring  by  the  machine  be  first  used  to  drive 
off  free  chlorine.  A  current  of  air,  or  brisk  stirring,  will  drive  off 
the  chlorine  before  it  has  time  to  do  any  harm  to  the  separated 
carbon. 

IfABOftATOftY  OP  HB2f*Y  DlttTON  AND  SONS'  STBBL  WOKKS, 

Phxla.,  Pa. 


NOTES. 

Filtration  in  Determination  of  Crude  Fiber. — All  analysts  of 
food  products,  or  feeding-stuffs,  are  familiar  with  the  difficulty 
which  is  often  experienced  in  filtering  off  the  acid  and  the  alkaline 
extracts  in  the  determination  of  crude  fiber  by  the  official  method 
of  the  Association  of  Official  Agricultural  Chemists.  Hence,  I 
wish  to  suggest  the  following  modification  of  the  usual  procedure, 
which  I  have  found  to  give  very  satisfactory  results. 

Select  a  funnel  of  sufficient  size  to  contain  the  entire  bulk  of  the 
mixture  to  be  filtered  and  fit  into  its  point  a  small  platinum  filter- 
ing cone.  Introduce  enough  ignited  asbestos  wool  to  fill  the  cone 
a  little  more  than  full.  Upon  moistening,  the  asbestos  wool 
softens  into  a  fluffy  mass  which  may  be  drawn  down  by  suction 
into  a  close  firm  filter.  The  mass  to  be  filtered  is  now  poured  into 
the  funnel  with  the  usual  care  to  avoid  disturbing  the  asbestos 
layer,  and  suction  applied.  The  filtrate  obtained  in  this  manner 
has  always  been  found  to  be  free  of  suspended  particles  of  fiber. 
Filtration  is  very  rapid  except  when  working  with  finely  ground 
flour,  or  spices,  which  tend  to  clog  the  filter  and  impede  the  flow  of 
the  filtrate.  In  such  cases,  place  the  funnel  in  an  ordinary  jacket 
of  boiling  water  or  steam,  in  order  to  secure  hot  filtration,  transfer 
the  entire  mass  to  be  filtered  to  the  funnel  and  apply  suction  as 
usual.  The  filtration  will  then  proceed  at  the  proper  temperature 
and  without  further  attention  from  the  operator,  thus  avoiding 
the  two  chief  objections  to  the  use  of  the  Gooch  filter  as  recom- 
mended by  the  official  method.  After  filtration  and  washing  ait 
completed,  transfer  the  contents  of  the  funnel  to  a  platinum  dish, 
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rinsing  the  last  particles  of  fiber  from  the  funnel  to  the  dish  by 
means  of  a  fine  jet  of  distilled  water.  Evaporate  off  the  water 
thus  used,  dry  to  constant  weight,  and  complete  the  determination 
as  usual. 

I  prefer  this  mode  of  operation  to  the  use  of  a  paper  filter,  with 
correction  for  loss  of  weight  sustained  by  the  paper  in  a  blank 
determination,  as  suggested  by  Winton,1  for  the  reason  that  in 
addition  to  the  possibility  of  obtaining  additional  fiber  from  the 
paper  used  in  the  acid  filtration,  I  have  found  that  duplicate  deter- 
minations of  the  correction  to  be  applied  do  not  always  give  con- 
cordant results,  probably  because  of  variations  in  the  weight  or 
composition  of  individual  filters  in  any  given  pack  of  them. 
Hence,  the  correction  as  obtained  from  a  blank  determination  may 
not  always  be  a  true  one  and  a  corresponding  error  may  be  intro- 
duced in  the  final  computation. 

X  have  used  the  method  outlined  above  for  several  years  and 
upon  a  great  variety  of  samples,  with  uniformly  satisfactory  re* 
suits.  In  the  cases  where  filtration  is  slow  it  proceeds  without 
attention  from  the  analyst,  thus  relieving  the  tediousness  of  the 
operation  very  materially.  This  method  of  procedure  is  espe- 
cially well  adapted  to  the  filtration  of  the  glycerol-sulphuric  acid 
mixture  used  in  the  Konig  method  for  determining  crude  fiber, 
since  in  this  case  hot  filtration  is  imperative. 

R.  W.  Thatcher. 

Washington  Agricultural  College  and  School  of  Scibncb, 
Pullman,  Wash.,  September  18, 190a. 


A  Rapid  Method  for  Separating  Zinc  and  the  Alkaline  Metals 
from  Iron. — The  separation  mentioned  by  J.  W.  Rothe*  has  long 
been  used  in  the  determination  of  aluminum  and  nickel  and  I 
find  that  it  is  equally  applicable  to  the  separation  of  zinc,  calcium, 
magnesium,  sodium  and  potassium  from  large  percentages  of  iron. 

Determination  of  Zinc. 

Having  the  sample  (thoroughly  oxidized)  in  solution  in  the 
minimum  amount  of  hydrochloric  acid  (sp.gr.  1.1),  transfer  to  a 
separatory  funnel,  add  ether  and  shake  well  for  about  eight 

1  Connecticut  Agricultural  Experiment  SUtion  Report  1898*  P-  189 ;  mUo  Bulletin  65, 
Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture,  pp.  58. 154.  »nd  '55-  . 

*  Xittheilungen  aus  den  Kftniglich.  Tech.  Venrachs-anstalten  su  Berlin,"  189a,  Part  in. 
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minutes.  On  standing,  the  lower  solution  will  contain  all  of  the 
copper  and  zinc  together  with  a  small  amount  of  ferric  chloride. 
Draw  off  the  lower  solution,  precipitate  the  copper  with  hydrogen 
sulphide,  oxidize  with  a  little  bromine  and  precipitate  the  small 
amount  of  iron.  The  solution  is  then  ready  to  determine  zinc  by 
any  approved  method.  As  many  zinc  ores  contain  lead,  the  effect 
of  sulphuric  acid  was  determined.  An  excess  of  3  cc.  had  no 
effect  on  the  separation  as  long  as  hydrochloric  acid  was  present 
In  the  presence  of  lead  it  is  better  to  separate  the  lead  as  lead  sul- 
phate before  making  the  ether  separation,  otherwise  lead  chloride 
is  liable  to  clog  the  cock  of  the  separatory  funnel.  This  single 
separation  is  very  rapid  and  more  effective  than  a  double  basic 
acetate  or  triple  ammonia  separation.  The  separation  of  the  alka- 
line metals  and  aluminum  from  large  amounts  of  iron,  as  in  the 
complete  analysis  of  iron  ores,  is  made  in  the  same  manner  as  the 
above.  It  has  the  advantage  of  rapidity  and  accuracy,  and  avoids 
the  excessive  amount  of  salts  which  are  always  present  when  basic 
acetate  or  ammonia  separations  are  made.  H.  C.  Babbitt. 
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Thb  Mineral  Industry  :  Its  Statistics,  Technology,  and  Trade  iv 
the  United  States  and  Other  Countries  to  the  End  of  1901. 
Pounded  by  the  Late  Richard  P.  Rothwbll.  Edited  by  Joseph 
Struthbrs,  Ph.D.  Vol.  10,  xxx  +  932  pp.  New  York  and  London  : 
The  Engineering  and  Mining  Journal  (Inc.).     1902.     Price,  fc.oo. 

This  valuable  annual  publication  has  appeared  since  1892,  and 
is  a  treasury  of  information  for  those  interested  in  the  economic 
side  of  chemistry  and  metallurgy.  A  somewhat  extended  account 
of  the  contents  of  the  present  volume  would  seem,  therefore,  to  be 
not  out  of  place  here. 

The  total  value  of  the  mineral  and  metal  output  for  1901  was 
$1,372,826,102.  Among  these  products  pig  iron  takes  the  lead, 
then  follow  bituminous  and  anthracite  coal,  copper,  clay  products, 
gold,  iron  ore,  crude  petroleum,  stone  for  building,  silver,  lead, 
ferromanganese,  cement  and  natural  gas  in  the  order  named. 

It  is  stated  that  there  has  been  a  falling  off  in  the  production  of 
bauxite,  but  the  total  consumption  was  greater  than  that  of  1900. 
The  Pittsburg  Reduction  Company  is  erecting  a  large  plant  at 
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Saline  County,  Arkansas.  A  large  deposit  has  been  discovered 
in  California. 

In  the  manufacture  of  aluminum  the  costs  are  as  follows: 
Energy,  5  cents ;  alumina,  6  cents ;  electrodes,  2  cents ;  chemicals 
and  stores,  1  cent ;  labor  and  superintendence,  3  cents ;  interest  and 
maintenance,  3  cents ;  total  cost,  20  cents.  By  the  use  of  the  Hall 
process  for  refining,  the  cost  of  alumina  is  expected  to  be  2  cents 
per  pound.  This  saving,  with  the  consequent  reduction  in  price, 
is  a  matter  of  considerable  importance  and  will  enable  the  metal 
to  be  sold  at  a  considerable  decrease  in  price.  Two  noteworthy 
changes  have  been  made  in  the  corundum  industry  during  1901. 
One,  the  manufacture  of  an  artificial  corundum,  and  the  other  the 
development  of  corundum  deposits  in  Gallatin  County,  Montana. 
Cryolite  was  imported  by  the  Pennsylvania  Salt  Manufacturing 
Co.  to  the  extent  of  5,383  tons.  The  value  is  stated  to  be  $80.00 
per  ton.  The  total  production  of  Greenland  cryolite  was  in  1900, 
8,960  metric  tons. 

The  sole  producer  of  aluminum  in  the  United  States  is  the 
Pittsburg  Reduction  Company,  of  Niagara  Falls,  N.  Y.,  and  the 
production  for  1901  was  7,150,000  pounds.  The  metal  has  been 
introduced  largely  in  electrical  work  in  place  of  copper.  New 
works  for  the  production  of  this  material  have  been  established  at 
Shawinigan  Falls  in  Canada.  Experience  in  the  use  of  aluminum 
as  a  conductor  has  shown  that  it  does  not  resist  exposure  as  well 
as  copper.  The  metal  is  now  sold  at  a  price  of  33  to  37  cents  per 
pound  for  99  per  cent,  metal. 

Of  the  total  523,000  metric  tons  of  ammonium  sulphate  pro- 
duced during  1901,  66,000  tons  belong  to  the  United  States.  This 
is  an  increase  of  over  2,000  tons  and  is  mainly  accounted  for  by 
the  increase  in  the  number  of  by-product  coke  ovens  now  operated. 

Three  hundred  short  tons  of  arsenious  oxide  were  made  during 
1901  by  the  Puget  Sound  Reduction  Co.,  Everett,  Washington. 
This  is  the  only  producer  in  the  United  States.  The  product  is 
satisfactory  in  quality  and  likely  to  meet  the  local  western  demand. 
It  is  possible  that  the  producers  may  be  able  to  have  the  tariff 
changed  so  as  to  increase  the  domestic  price  for  arsenic,  in  which 
case  it  may  be  possible  to  carry  this  product  around  Cape  Horn 
for  the  New  York  market  at  a  profit. 
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An  interesting  history  of  the  asphalt  industry  is  given  by  A.  W. 
Dow. 

The  production  of  barytes  was  49,070  short  tons.  The  use  of 
this  material  has  increased  considerably  in  the  manufacture  of 
barium  oxide  by  the  Bradley  and  Jacobs  process  at  Niagara  Falls. 
This  increased  amount  of  barium  dioxide  is  used  in  the  manu- 
facture of  hydrogen  dioxide,  and  of  lithophone. 

During  the  year,  the  production  of  crude  carborundum  was 
more  than  doubled,  and  the  consumption  for  1902  shows  a  large 
estimated  increase.  This  material  is  to  be  of  considerable  import- 
ance in  the  manufacture  of  window  glass  in  continuous  sheets,  by 
a  process  now  being  worked  out  by  parties  interested  in  the  glass 
industry. 

The  production  of  Portland  cement  during  1901  has  shown  a 
marvelous  increase.  Foundations  for  houses,  sidewalks,  curbs, 
cement  floors  for  fire-proof  buildings,  and  the  like  constitute  the 
source  of  the  largely  increasing  demand.  Over  7,000,000  barrels 
were  made  in  Pennsylvania  and  nearly  13,000,000  in  the  United 
States. 

An  interesting  account  of  fire-clays  and  their  manufacture  into 
refractory  materials  is  given  by  Heinrich  Ries.  A  valuable  article 
on  the  by-product  coke  industry  is  contributed  by  F.  Schniewind, 
and  there  is  an  article  on  gas  producers  and  gas  engines  by  Wil- 
liam Kent. 

The  Neill  process  for  leaching  copper  ores  does  not  seem  to 
have  passed  the  experimental  stage.  The  chief  difficulty  connected 
with  its  use  seems  to  lie  in  the  fact  that  the  precious  metals  are  not 
extracted  by  sulphurous  acid.  In  other  respects  the  process  seems 
to  be  quite  satisfactory. 

There  is  a  valuable  article  on  progress  in  the  electrolytic  refining 
of  copper  by  Titus  Ulke,  and  another  on  the  treatment  of  slimes 
from  the  electrolytic  refining  of  copper  by  Robert  L.  Whitehead 
and  a  very  valuable  detailed  account  of  the  manufacture  of  blue 
vitriol  by  Ottokar  Hofmann.  Progress  in  electro-chemistry  and 
metallurgy  is  covered  in  a  report  by  John  B.  C.  Kershaw. 

There  is  a  valuable,  though  rather  brief  article  on  commercial 
hydrofluoric  acid  by  Karl  F.  Stahl,  who  has  installed  at  Pittsburg 
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an  admirable  plant  for  the  production  of  this  very  disagreeable 
and  dangerous  chemical. 

There  is  a  report  on  progress  in  gold  milling'by  R.  H.  Richards 
and  another  on  the  cyanide  process  by  J.  S.  C*  Wells. 

The  manufacture  of  artificial  graphite  at  Niagara  Falls  has 
increased  enormously,  2,500,000  pounds  having  been  produced  in 
1901  as  against  860,000  pounds  in  1900.  The  production  of 
graphitized  electrodes  especially  has  shown  a  very  large  increase. 

During  the  last  few  years  there  has  been  a  marvelous  increase 
in  the  production  of  pig  iron  and  steel  in  the  United  States.  In 
1901  there  were  16,000,000  tons  of  pig  produced,  and  of  steel  over 
13,000,000  tons.  Of  this,  nearly  9,000,000  tons  were  Bessemer 
and  over  4,000,000  open-hearth.  The  iron  ore  production  was 
nearly  29,000,000  tons,  to  which  the  Minnesota  mines  contributed 
over  1 1,000,000.  This  year  the  production  from  this  source  seems 
likely  to  be  very  greatly  increased. 

An  article  on  modern  improvement  in  the  manufacture  of  pig 
iron  by  John  Birkinbine  gives  a  clear  view  of  the  changes  in  recent 
practice. 

There  are  articles  on  white  lead  manufacture  by  Parker  C. 
Mcllhiney,  and  recent  improvements  in  lead  smelting  by  H.  O. 
Hofman. 

Manganese  ores  for  the  production  of  ferromanganese  aje  ob- 
tained from  Colorado,  Georgia,  Virginia,  Belgium,  Brazil,  Canada, 
Chili,  Colombia,  Cuba,  France,  Germany,  Greece,  India,  Italy, 
Japan,  Java,  Russia,  Sweden,  and  Spain.  There  is  an  article  on 
the  Nicopol  manganese  district  in  southern  Russia  by  Frank 
Drake. 

The  production  of  natural  gas  and  its  use  as  a  fuel  and  as  a 
source  of  power  in  gas  engines  receives  attention  in  an  article  by 
F.  H.  Oliphant. 

Under  cyanides  from  atmospheric  nitrogen,  allusion  is  made  to 
the  Bradley- Jacobs  patent,  which  consists  in  coking  barium  car- 
bonate and  small  coal.  This  porous  mixture  is  next  converted  in 
the  electric  furnace  into  barium  carbide.  By  passing  nitrogen  gas 
over  this,  cyanide  is  formed. 

Rare  elements  are  treated  by  Victor  Lenher,  and  under  the  con- 
tact process  of  sulphuric  acid,  the  article  by  R.  Kneitsch,  which 
recently  appeared  in  the  Berichte,  is  fully  translated. 
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It  would  take  up  too  much  space  to  give  anything  like  a  full 
resume  of  the  contents  of  this  interesting  digest  of  progress.  I 
must  content  myself  with  calling  attention  further  to  excellent 
articles  on  zinc,  pyritic  smelting,  metallography,  mine  timbering, 
alloys  as  solutions,,  ore  dressing,  liquefied  carbonic  acid  gas  and 
magnetic  separation.  The  volume  ends  with  a  number  of  statisti- 
cal tables.  Edward  Hart. 

Inorganic  Chemistry,  with  the  Elements  op  Physical  and  Theo- 
retical Chemistry.  By  J.  I.  D.  Hinds,  Ph.D.,  Professor  of  Chemis- 
try in  the  University  of  Nashville.  New  York  :  John  Wiley  and  Sons. 
1902.    8vo.    viii  -j-  566  pp.    Price,  $3.00. 

The  book,  as  stated  in  the  preface,  is  intended  to  supply  a  rather 
complete  text-book  on  inorganic  chemistry  for  colleges  and  uni- 
versities, and  a  handy  reference  book  for  all  students  and  teachers 
of  chemistry.  Opinions  should  not  differ  widely  as  to  how  well 
the  author  has  accomplished  either  of  these  objects.  As  far  as 
the  former  is  concerned,  the  method  adopted  is  almost  entirely 
that  of  the  most  objectionable  style  of  dogmatic  instruction:  laws, 
hypotheses,  definitions  are  laid  down  in  axiomatic  fashion,  with 
scarcely  a  hint  of  the  broad  experimental  basis  on  which  they 
have  actually  been  developed;  structural  formulas  are  used  from 
the  very  beginning  with  never  a  word  as  to  the  facts  which  led  to 
their  introduction  and  use;  much  effort  is  expended  towards 
making  methods  of  calculation  go  by  rule  rather  than  by  reason- 
ing. The  reviewer  has  looked  .in  vain,  repeatedly,  for  the  funda- 
mental laws  of  definite  and  multiple  proportions  (  !).  A  discus- 
sion of  them  is  promised  on  p.  57  but  diligent  search  in  all  but  the 
later  chapters  of  the  descriptive  part  and  in  the  index  failed  to 
lead  to  their  discovery  1 

In  a  word,  not  one  particle  of  the  beauty  of  the  inductive 
method,  to  which  chemistry  owes  its  successful  development  and 
all  its  fascination,  is  left.  The  student  is  asked  to  accept,  to  be- 
lieve ;  his  faith  and  memory  are  appealed  to  and  cultivated  at  the 
expense  of  his  faculty  of  reasoning  and  his  power  of  judging  at 
first  hand.  It  is  a  source  of  wonder  to  the  reviewer  whether  any 
student's  interest  in  chemistry  can  survive  this  method  of  instruc- 
tion, and  how  any  inherent  power  of  inductive  reasoning  from  fact 
to  hypothesis  and  law  can  escape  positive  destruction.    It  is  con- 
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ceivable,  however,  that  the  method  will,  unfortunately,  find  favor 
in  the  eyes  of  some  on  account  of  its  positiveness  and  because  it  is, 
perhaps,  easier  to  teach  dogmatically  than  to  appeal  always  to  the 
student's  judgment  and  to  be  prepared  with  a  rational  knowledge 
of  facts  and  their  connection  to  meet  convincingly  any  keen 
doubter's  questions. 

The  axiomatic  statements  are  not  always  correct,  as,  for  in- 
stance, when  it  is  said  on  p.  60  that  "the  atomic  weight  of  an 
element  may  be  defined  as  that  quantity  which  combines  with  one 
atom  of  hydrogen"  ( !)  On  p.  5  we  have  the  statement  that  "in 
gases  the  molecules  repel  one  another".  On  p.  61  we  have  "it  has 
been  found  that  for  most  substances  that  can  be  volatilized  •with- 
out decomposition  the  vapor  density  referred  to  hydrogen  is  just 
half  the  molecular  weight" — it  would  be  interesting  to  know  what 
the  exceptions  are.    Questionable  statements  are  very  numerous. 

The  second  object  of  the  book,  vis.,  to  serve  as  a  reference  book, 
seems  to  the  reviewer  to  be  more  worthy  of  success  than  its  first 
object.  The  descriptive  part  is  good.  It  includes  quite  a  large 
number  of  historical  facts  and  it  gives  briefly  methods  of  prepara- 
tion and  manufacture  for  a  large  number  of  compounds.  The 
newest  important  methods  are,  however,  frequently  missing.  For 
instance,  the  absence  of  any  mention  of  the  electric  methods  of 
preparing  alkalies,  chlorates  and  hypochlorites  and  of  the  contact 
method  of  manufacturing  sulphuric  acid  is  noted.  There  is  a 
good  index. 

Chicago,  October  ao,  1902.  JULIUS  STIBGUTZ. 

ACHT  VORTRXGE  UBBR  PHYSJKAUSCHE  ChKMIE.    GBHALTBN  AUF  ElNI^A- 

dung  dbr  UotvbrsitXt  Chicago,  20.  bis  24.  Juni,  iooit  von  J.  H. 
van't  Hofp.  Braunschweig  :  F.  Vieweg  tmd  Sohn,  1902.  15  X  *8 
cm.    81  pp.    Prcis :  geheftet  Mk.  2.50. 

These  eight  lectures,  delivered  on  the  occasion  of  the  decennial 
celebration  of  the  founding  of  the  University  of  Chicago,  arc 
divided  into  four  groups,  each  consisting  of  two  successive  dis- 
courses. The  subjects  treated  are  the  relation  of  physical  chem- 
istry (1)  to  chemisty,  (2)  to  the  industries,  (3)  to  physiology,  and 
(4)  to  geology.  The  author  considers  that  the  new  developments 
of  physical  chemistry  rest  upon  the  theory  of  solutions,  being 
essentially  an  extension  of  Avogadro's  hypothesis  to  solutions, 
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and  upon  the  application  of  thermodynamics,  especially  of  the 
Carnot-Clausius  principle,  to  chemical  problems.  The  theory  of 
solutions  and  the  dissociation  theory  of  Arrhenius  receive  consid- 
eration in  the  first  and  third  groups  of  the  lectures,  which  give  a 
good  brief  presentation  of  the  theories  and  what  is  claimed  for 
them,  without,  however,  even  suggesting  that  there  are  now  many 
facts  known  that  do  not  support  these  hypotheses.  Concrete 
illustrations  are  given  throughout  the  entire  discourses,  which  are 
of  the  character  of  general  outlines.  The  brief,  concise  presenta- 
tion of  the  author's  splendid  researches  on  natural  salt  deposits  is 
especially  interesting  and  instructive,  particularly  so  because  the 
work*  was  accomplished  without  the  aid  of  the  theory  of  solutions 
and  the  Arrhenius  hypothesis.  On  the  part  of  those  readers  who 
do  not  have  an  elementary  knowledge  of  physical  chemistry,  these 
lectures  will  require  careful  study  in  order  to  be  fully  compre- 
hended. Louis  Kahlenberg. 

The  Chkmistry  op  the  Terpenbs.  By  Dr.  P.  Hkuslbr,  Privat-docent 
of  Chemistry  in  the  University  at  Bonn.  Authorized  translation  by  Da. 
Francis  J.  Pond,  Assistant  Professor  in  the  Pennsylvania  State  Col- 
lege. One  vol.,  457  pp.  Carefully  revised,  enlarged,  and  corrected. 
Philadelphia  :  P.  Blakiston's  Son  and  Co.    1903.    Price,  $4.00. 

The  word  terpene  seems  first  to  have  been  used  by  Kekule.  Such 
words  as  terebentene,  terebene,  terpilene,  etc.,  were  coined  by 
French  chemists  to  designate  the  hydrocarbon  now  known  as 
pinene  and  its  isomers  into  which  it  could  be  converted,  e,  g.,  by 
heat  or  acids.  Some  of  these  terms  acquired  a  generic  as  well  as 
a  specific  meaning.  The  advantage  of  a  word  without  a  double 
meaning  must  have  been  apparent  when  Kekule  suggested  the 
word  terpene,  for  it  soon  came  into  general  use. 

However,  since  Baeyer  extended  the  principles  of  the  Geneva 
Congress  nomenclature  to  the  terminology  of  the  terpenes,  the 
word  terpene  has  also  acquired  a  double  meaning.  On  the  one 
hand  it  is  still  used  in  its  larger  sense  comprising  all  hydrocarbons 
C10Hlff ;  on  the  other,  its  use  has  been  specialized,  restricting  it  to 
those  hydrocarbons  C10H18  which  are  tetrahydro-derivatives  of 
cymene.  It  is  in  the  former,  broader  sense  in  which  the  term  is 
used  in  the  book  before  us. 

Although  substances  containing  all  the  way  from  one  to  twenty 
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and  possibly  more  carbon  atoms  have  been  found  in  volatile  oils,  it 
is  nevertheless  remarkable  that  a  large  number  of  volatile  plant 
substances  are  characterized  by  ten  carbon  atoms  or  a  multiple 
thereof.  Whatever  significance  may  attach  to  this  number,  this 
much  is  true,  that  the  "terpenes  and  camphors"  have  always  re- 
ceived a  larger  share  of  attention  than  other  volatile  plant  sub- 
stances. . 

The  secret  of  this  seems  to  lie  in  the  fact  that  the  terpenes 
proper  and  their  derivatives  occupy  places  in  that  enormous  field 
between  the  series  of  hydrocarbons  and  their  derivatives  belonging 
to  the  formula  of  saturation  CNH,n  + ,  on  the  one  hand  and  the 
formula  of  saturation  CMH9M_6  on  the  other.  The  study  of  the 
terpenes  and  their  derivatives  has  done  fully  as  much  as  any  one 
other  subject,  if  not  more,  to  make  this  vast  terra  incognita  of  a 
few  decades  ago  better  known.  Incidentally  these  researches  have 
thrown  much  ne\y  light  on  phyto-chemistry  and  the  manufacture 
of  volatile  oils  and  of  perfumes. 

The  arrangement  of  the  book  is  that  of  the  German  original. 
The  English  edition,  however,  has  been  made  much  more  valuable 
by  the  incorporation  of  the  vast  number  of  facts  published  since 
the  appearance  of  Dr.  Heusler's  monograph.  The  number  of 
terpenes  described  is  twenty-two,  the  number  of  sesquiterpenes, 
fourteen. 

The  number  of  alcohols,  ketones,  amino  derivatives,  etc.,  has 
increased  proportionately.  To  the  same  degree  to  which  Dr. 
Heusler's  monograph  was  indispensable  to  the  investigator  five 
years  ago,  to  the  same  extent,  and  even  more  so,  will  Dr.  Pond's 
larger  work  be  indispensable  to-day.  Moreover,  it  will  prove 
more  satisfactory,  for  the  type  is  larger,  the  page  is  better 
arranged,  the  references  are  more  handy,  and  the  book  is  provided 
with  an  index.  Thus,  while  Heusler's  work  was  indispensable  to 
the  specialist,  the  English  work  will  prove  useful  also  as  a  refer- 
ence work  to  the  non-specialist.  Edward  Kremers. 

Handbook  op  Technical  Gas  Analysis.  By  Clemens  Winkle*. 
Translated  from  the  third  greatly  enlarged  German  edition  by  Georg 
Lunge.    London  :  Gurney  and  Jackson.     1902.     190  pp. 

This  book  is  more  than  the  title  indicates  as  it  gives  Professor 
Lunge's  description  of  his  own  apparatus  and  in  many  cases  his 


1220  NEW  BOOKS. 

experience.  It  deals  very  fully  and  satisfactorily  with  the  sub- 
jects of  the  collection  and  measurement  of  gases,  the  preparation 
of  reagents  and  arrangement  of  a  laboratory. 

Two-thirds  of  the  volume  is  devoted  to  the  apparatus  and 
methods  of  analysis,  almost  every  important  apparatus  and  method 
being  clearly  and  minutely  explained  together  with  a  critique  of 
the  various  modifications  which  have  been  proposed.  In  many 
cases  a  brief  historical  notice  lends  interest  to  the  description. 

While  the  references  to  German  periodicals  are  very  complete, 
the  same  cannot  be  said  regarding  English  or  American  literature, 
no  mention  being  made  of  the  work  of  Clowes,  of  Phillips,  of 
Campbell  and  Hart  and  others. 

An  admirable  feature  of  the  work  is  the  attention  given  to  the 
applications  of  the  methods :  it  would  have  seemed  better  to  have 
included  the  method  of  calculation  of  the  losses  in  chimney  gases 
— a  very  important  subject — than  to  have  referred  the  student  to 
other  books. 

Nearly  every  process  is  illustrated  by  examples  from  practice 
but  it  seems  somewhat  incongruous  in  a  work  on  technical  analysis 
to  report  the  constituents  sought  to  hundredths  of  a  per  cent,  as  is 
done  in  nearly  every  case.  Inasmuch  as  the  readings  were  taken 
only  to  tenths  of  a  per  cent,  and  some  of  the  methods  are  accurate 
to  only  half  of  one  per  cent.,  the  hundredths  must  have  been  ob- 
tained arithmetically. 

It  is,  however,  a  book  which  should  be  in  the  hands  of  every  one 
having  to  deal  extensively  with  the  analysis  of  gases. 

A.  H.  Gill. 

Methods  of  Gas  Analysis.  By  Dr.  Walther  Hempel.  Translated 
from  the  third  German  edition  and  considerably  enlarged,  by  L.  M. 
Dennis.  New  York  :  The  Macmillan  Co.  1902.  xix  -f  490  pp. 
Price,  I2.25. 

This  well-known  book  has  been  very  considerably  enlarged  and 
improved  by  Professor  Dennis.  Not  only  has  the  entire  work 
been  thoroughly  revised  and  brought  up  to  date  but  a  number  of 
new  forms  of  apparatus  and  new  methods  of  analysis  have  been 
incorporated.  The  text  has  been  increased  by  more  than  one 
hundred  pages.  Some  of  the  new  methods  are :  the  separation  of 
argon  from  the  atmosphere,  the  analysis  of  acetylene,  examination 
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of  gases  produced  by  bacteria,  new  methods  for  determining 
carbon  monoxide,  determination  of  the  heating  power  of  gases,  of 
sulphur  in  organic  substances,  the  gas  lantern,  analysis  of  the 
gases  evolved  in  the  electrolysis  of  chlorides  and  in  the  manufac- 
ture of  bleaching-powder. 

In  its  new  form  this  work  will  undoubtedly  come  to  be  regarded 
as  the  standard  text-book  and  reference  book  on  gas  analysis  and 
will  be  found  indispensable  in  all  chemical  laboratories. 

Edward  H.  Keiser. 

Sewage  Works  Analyses.     By  Gilbert  J.  Fowler,  M.Sc.  (Vict.)  F.I.C. 

Superintendent  and  Chemist,  Manchester  Corporation  Sewage  Works. 

New  York:  John  Wiley  and  Sons.      London:  P.  S.  King  &  Son.  190a. 

Price,  $2.00. 
With  the  development  of  bacterial  processes  for  the  treatment  of 
sewage,  has  arisen  the  necessity  for  constant  and  careful  control . 
of  the  working  of  the  bacterial  filters,  and  this  can  only  be  done 
by  chemical  analysis  of  the  effluent.  In  order  to  keep  a  sewage 
plant  in  good  working  condition  the  effluent  from  each  bed  must 
be  constantly  examined,  and  the  amount  of  sewage  to  be  applied 
to  the  bed  determined  by  the  results  thus  obtained.  The  methods 
that  are  used  for  this  purpose  by  Mr.  Fowler,  manager  and 
chemist  of  the  Manchester  Sewage  Works,  and  by  Mr.  Scudder, 
of  the  Mersey  and  Irwell  Commission,  are  now  published  for  the 
first  time,  and  the  book,  "Sewage  Works  Analyses,"  is  an  im- 
portant addition  to  the  literature  of  the  subject.  The  methods 
for  determining  free,  albuminoid,  and  organic  ammonia,  nitrogen 
as  nitrites  and  nitrates,  solids  in  suspension  and  solution,  absorbed 
oxygen,  dissolved  oxygen,  chlorine,  iron  compounds,  acidity  and 
alkalimetry,  are  so  fully  and  carefully  described,  that  it  would  be 
possible  for  one  who  has  had  very  little  training  in  chemistry,  not 
only  to  understand  the  methods,  but  to  perform  successfully  the 
various  determinations.  It  may,  however,  be  well  to  call  to  the 
attention  of  those  not  familiar  with  sewage  analysis,  that  the 
English  method  of  determining  the  oxygen  consumed,  with  potas- 
sium permanganate  and  potassium  iodide,  is  not  usually  used  in 
this  country,  but  in  its  place,  a  modification  of  Kubel's  method, 
heating  a  known  quantity  of  the  sewage  for  five  minutes  with  a 
solution  of  potassium  permanganate,  and  determining  the  amount 
of  potassium  permanganate  used  by  titrating  with  oxalic  acid; 


1222  NEW  BOOKS. 

that  of  the  three  methods  given  for  the  determination  of  dissolved 
oxygen,  the  indigo  method,  in  the  opinion  of  the  writer,  though 
more  complicated,  gives  the  best  results,  and  that  the  colorimetric 
methods  for  the  determination  of  ferrous  and  ferric  salts,  can  only 
be  considered  as  approximate  methods. 

Beside  the  various  determinations  that  have  been  mentioned  the 
author  devotes  a  chapter  of  the  book  to  the  subject  of  Chmriral 
Control  of  Sewage  Purification  Works,  in  which  he  also  describes 
methods  for  gauging  sewage  flow,  methods  of  sampling  sewage, 
measuring  of  sewage  sludge,  and  of  determining  the  degree  of 
purity  necessary  in  an  effluent,  and  in  this  connection  it  is  to  be 
said  that  the  incubator  test,  devised  by  Mr.  Scudder  and  given  in 
detail  by  Mr.  Fowler,  is  one  upon  which  great  importance  is  now 
laid,  in  determining  whether  or  not  a  sufficient  purification  of  the 
sewage  has  been  accomplished.  The  concluding  chapter  of  the 
book  is  devoted  to  the  collection  and  analysis  of  the  gases  given 
off  from  septic  tanks  and  contact  beds,  and  it  is  to  be  regretted 
that  no  mention  is  made  of  Hempel's  methods  of  gas  analysis, 
which  are  now  so  commonly  used.  Taking  the  book  as  a  whole, 
very  much  can  be  said  in  its  favor  and  very  little  in  the  way  of 
criticism.  Leonard  P.  Kinnicutt. 

CoNGRfes  International  d'£lbctricit6,  Paris,  1900;  par  M.  B.  Hosfi- 
Taubr.    Paris:  Gauthier- Villain.     1901. 

This  large  8mo.  of  nearly  500  pages  contains  the  reports  and 
proceedings  of  the  congress.  The  third  section  of  the  congress 
was  devoted  to  electrochemistry,  but  the  communications  on  this 
subject  occupy  but  22  pages.  They  include  a  discussion  of  the 
electrochemical  nomenclature  proposed  by  Dr.  Le  Blanc,  in  which 
the  proposition  was  generally  rejected;  a  notice  of  papers  by 
Hollard  on  the  principles  of  electrolytic  analysis  and  analysis  of 
commercial  copper;  a  short  communication  of  Zenger  on  the  use 
of  sea-salt  mother-liquor  in  a  battery  cell;  a  very  fragmentary 
paper  by  Bouillet  on  electrochemical  deposits ;  and  a  paper  of  15 
pages  by  Keller  on  electric  furnaces.  The  above  comprises  all  in 
the  book  which  touches  chemistry,  excepting  possibly  a  careful 
report  by  G.  Claude  (23  pp.)  on  the  mechanism  of  electrolysis  by 
street-railway  return-currents.  The  volume  would  be  out  of  place 
in  a  chemical  library,  but  contains  matter  of  value  to  the  profes- 
sional electrician.  J.  W.  Richards. 
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BOARD  OP  DIRECTORS. 

A  meeting  of  the  Board  of  Directors  of  the  American  Chemical 
Society  was  held  at  the  Chemists'  Club,  108  W.  55th  St. ,  New 
YorV  City,  Friday,  May  23,  1902.  The  directors  present  were 
Messrs.  Chandler,  Doremus,  Hale,  Hallock,  and  Smith.  Messrs. 
Remsen  and  Dudley  sent  regrets  for  unavoidable  absence. 

In  the  absence  of  President  Remsen,  Secretary  Hale  culled  the 
meeting  to  order- at  8.45  p.m.,  and  Dr.  C.  P.  Chandler  waschosen 
chairman  pro  tern. 

Mr.  Wm.  H.  Nichols  was  present  and  proposed  to  transfer  to 
the  American  Chemical  Society  in  trust  for  the  New  York  Sec- 
tion ten  shares  of  the  preferred  stock  of  the  General  Chemical 
Company  to  constitute  the  endowment  fund  for  medals  which  he 
had  offered  to  the  New  York  Section  at  its  last  meeting,  and 
which  had  been  accepted  by  said  section.  In  response  to  this 
proposal  of  Mr.  Nichols,  the  following  resolutions  were  adopted 
unanimously : 

Resolved*  "That  the  Board  of  Directors  of  the  American  Chem- 
ical Society,  acting  for  and  in  behalf  of  said  Society,  hereby  ac- 
cepts the  liberal  gift  of  Mr.  Wm.  H.  Nichols  of  an  endowment 
fund  for  medals  to  be  awarded  by  the  New  York  Section,  under 
the  terms  designated  in  the  deed  of  transfer  to  the  American 
Chemical  Society  executed  by  the  said  Wm.  H.  Nichols. 

Resolved,  "  That  the  president  and  the  secretary  of  the  Ameri- 
can Chemical  Society  be,  and  they  are  hereby,  authorized  and  di- 
rected to  sign  the  said  deed  of  transfer  for  and  in  behalf  of  the 
Society  as  evidence  of  the  acceptance  by  the  Society  of  the  said 
endowment  fund  under  the  terms  stated  in  said  deed  of  transfer. 

Resolved,  "That  the  Board  of  Directors  in  behalf  of  the  Ameri- 
can Chemical  Society  hereby  expresses  its  cordial  thanks  to  Mr. 
Nichols  for  his  generous  gift  and  its  high  appreciation  of  the 
spirit  which  prompted  it." 


(62) 

Mr.  Nichols  wished  it  expressly  understood  that  he  would  per- 
sonally defray  all  costs  of  die  and  other  incidental  expenses  con- 
nected with  the  manufacture  of  the  medal. 

The  secretary  was  instructed  by  the  Board  of  Directors  to  have 
its  action  in  regard  to  the  fund  printed  in  the  Journal  of  the  Soci- 
ety and  sent  to  the  members  of  the  Council. 

Professor  C.  F.  Chandler  and  Professor  M.  T.  Bogert  were  ap- 
pointed a  committee  to  confer  with  Mr.  Nichols  and  arrange  all 
details  with  reference  to  the  deed  of  transfer. 

COUNCIL. 

NAMES  PROPOSED  FOR  MEMBERSHIP. 

Branegan,  James  A.,  981  Bedford  Ave.,  Brooklyn,  N.  Y. 

Collins,  Robert  H.,  Alameda  Sugar  Co.,  Alvarado,  Cal. 

Covell,  Chas.  A.,  M.D.,  Syracuse,  N.  Y. 

Emmons,  Frank  W.,  Care  Washburn  Crosby  Co.,  Minneapolis, 
Minn. 

Fisher,  Fred.,  Newaygo,  Mich. 

Geer,  William  C,  122  Hazen  St.,  Ithaca,  N.  Y. 

Hill,  Lucian  A.,  Durham,  N.  H. 

Jennings,  Fred  H.,  Orchard  Place,  Ithaca,  N.  Y. 

Lemly,  Frederick  H.,  Bio-chemical  Lab.,  Dept.  of  Agr., 
Washington,  D.  C. 

Mende,  Alex.  P.,  125  E.  62nd  St.,  N.  Y.  City. 

Miyake,  Hanzaburo,  121  Haight  St.,  San  Francisco,  Cal. 

Moss,  Eugene  G.,  Tenn.  C.  I.  &  R.  Co.,  Bessemer,  Ala. 

O'Neill,  Jas.  G.,  Box  771,  Geneva,  N.  Y. 

Porter,  Fred  B. ,  4645  Evans  Ave. ,  Chicago,  111. 

Read,  Thomas  T.,  Univ.  of  Wyoming,  Laramie,  Wyo. 

Smith,  Arthur.  G. ,  care  of  Dickman,  Mackenzie,  and  Potter, 
"  The  Rookery,''  Chicago,  111. 

Stearns,  Edgar  F.,  711  Nostrand  Ave.,  Brooklyn,  N.  Y. 

Turrentiue,  John  W..  Burlington,  N.  C. 

Weller,  Hubert  R.,  Weldon,  N.  C. 

Wheeler,  Frank  G.,  New  York  Mills,  Oneida  Co.,  N.  Y. 

NAMES  PROPOSED  FOR  ASSOCIATE  MEMBERSHIP. 

Batchelor,  Harry  D.,  West  Upton,  Mass. 

Burck,  Christian  A.,  Monroe,  Mich. 

Snelling,  Walter  O.,  1212  L  St.,  N.  W.,  Washington,  D.  C. 

Stewart,  Morris  A.,  121  Belknap  St.,  Dover,  N.  H. 


(63) 

NEW  MEMBERS  ELECTED  MAY  22,  1902. 

Evanson,  A.  A.,  Aetna,  Ind. 

Gibson,  Charles  B.,  Room  39,  81  S.  Clark  St.,  Chicago,  111. 

Goslau,  Justus  E.  W.,  177  Broad  St.,  Newark,  N.  J. 

Ingham,  Leslie  H.,  Kenyon  Coll.,  Gambier,  O. 

Kalbfleisch,  Franklin  H.,  31  Burling  Slip,  N.  Y.  City. 

Knight,  Ora  W. ,  84  Forest  Ave. ,  "Bangor,  Me. 

Langley,  Clifford,  64  Irving  PL,  N.  Y.  City. 

Lomax,  Clarence  S.,  New  England  Gas  and  Coke  Co.,  Everett, 
Mass. 

McClure,  Clyde  H.,  724  Forest  Ave.,  Oak  Park,  111. 

Moorhouse,  Wm.  R. ,  Lowell  Textile  School,  Lowell,  Mass. 

Queneau,  Augustin  L.  J.,  439  Manhattan  Ave.,  N.  Y.  City. 

Reed,  Charles  J.,  3313  N.  1 6th  St.,  Philadelphia. 

Richmond,  Francis  A.,  Elmira  College,  Elmira,  N.  Y. 

Starke,  Eric  A.,  Pacific  Coast  Oil  Co.,  Alameda,  Cal. 

Simonds,  Ernest  H.,  417  Montgomery  St. ,  San  Francisco,  Cal. 

Stofer,  Richard  C,  28  Hayes  St.,  Norwich,  N.  Y. 

Walters,  Harry  E.,  4  Shetland  Ave.,  East  Liberty,  Pittsburg, 
Pa. 

Williams,  Stanley  M.,  269  Springdale  Ave.,  E.  Orange,  N.  J. 

NEW  MEMBERS  ELECTED  JUNE  23,  1902. 

Aydelott,  Charles  G.  B.,  Maple  and  Ridgewood  Aves.,  Nor* 
wood,  O. 

Brady,  Wm.,  7642  Marquette  Ave.,  Chicago,  111. 

Burr,  H.  M.,  165  Prospect  Park  West,  Brooklyn,  N.  Y. 

Campbell,  A.  Hf ,  813  20th  St.,  Oakland,  Cal. 

Clay,  G.  Harry.  Winton  Place,  O. 

Devlin,  John  A.,  Newton,  Kans. 

Doveton,  Godfrey  D.,  Cyanide  Works,  Camp  Bird  Mills, 
Ouray,  Col. 

Dunham,  Andrew  A.,  74  John  St.,  N.  Y.  City. 

Haas,  Herbert,  Torreen,  Coahuila,  Mexico. 

Hermes,  Edward,  979  Parsons  Ave.,  Columbus,  O. 

Hewett,  Foster,  66  Church  St.,  Bethlehem,  Pa. 

Kawin,  C.  C.,1424  Fulton  St.,  Chicago,  111. 

Lindauer,  Arthur  M.,  3312  Calumet  Ave.,  Chicago,  111. 

Lippincott,  Jesse  T.,  261  E.  Auburn  Ave.,  Cincinnati,  O. 

Ludlow,  S.  H.,  Cement  City,  Mich. 

Meyer,  August  R.,  404  New  England  Building,  Kansas  City, 
Mo. 

Miller,  Robert  N.,  Male  High  School,  Louisville,  Ky. 

Mott,  Wm.  A.,  Mayfield,  Ky. 
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Neal,  A.  Frank,  care  of  Acme  White  Lead  and  Color  Works, 
Detroit,  Mich. 

Petsche,  B.  W.,  25  Eairview  St.,  Yonkers,  N.  Y. 

Putnam,  Wm.  P.,  care  of  American  Radiator  Co.,  Chicago, 111. 

Randall,  Charles  W.,  228  Genesee  St.,  Lockport,  N.  Y. 

Rich,  Charles  H.,  Duquesne,  Pa. 

Richardson,  Leon  B.,  Hanover,  N.  H. 

Roe,  J.  Newton,  Valparaiso,  Ind. 

Rogers,  Roy  R.,  2528  Union  St.,  San  Francisco,  Cal. 

Rounds,  M.  B.  C,  Aurora,  111. 

Schwarz,  H.  P.,  Western  Sugar  Ref.  Co.,  Potrero,  San  Fran- 
cisco, Cal. 

Smith,  Robert  C,  425  Home  Ave.,  Oak  Park,  111. 

Stoddard,  Jesse  D. ,  care  of  Operating  Board,  American  Radia- 
tor Co. ,  Chicago,  111. 

Vannier,  Charles  H.,  1623  Fulton  St.,  Chicago,  111. 

Waldenberger,  Charles  A.,  155  E.  37th  St.,  N.  Y.  City. 

Wilson,  R.  N.,  Guilford  College,  N.  C. 

Witherell,  Frederick  W.,  care  of  Newcastle  Water  Co.,  New- 
castle, Pa. 

ASSOCIATES  ELECTED  JUNE  23,  1902. 

Haines,  J.  Hilyard,  2130  S.  15th  St.,  Philadelphia,  Pa. 
Thomas,  Elmer  L.,  31  Nassau  St.,  N.  Y.  City. 

CHANGES  OP  ADDRESS. 

Aldridge,  Earl  V.,  413  Church  St.,  Flint,  Mich. 
Allen,  Lucius  E. ,  Crescent  Portland  Cement  Co. ,  Wampum,  Pa. 
Alway,  F.  J.,  Waterford,  Ontario,  Can. 
Baxter,  G.  P.,  27  Warren  Ave.,  Somerville,  Mass. 
Beck,  Herbert  H.,  F.  and  M.  College,  Lancaster,  Pa. 
Betts,  Anson  G. ,  Troy,  N.  Y. 
Bird,  Maurice,  Denver,  Colo. 

Bixby,  Geo.  L.,  The  Willard  Storage  Battery  Co.,  49  Wood 
St.,  Cleveland,  O. 

Blair,  Frank  W.,  "The  Alexandra/ '  Schenectady,  N.  Y. 
Brown,  C.  Arthur,  218  Washington  St.,  Lorain,  O. 
Brush,  Chas.  F.,  "The  Arcade,:'  Cleveland,  O. 
Burleigh,  Wm.  F.,  5  Monmouth  PI.,  Newark,  N.  J. 
Button,  O.,  522  Trumbull  Ave.,  Bay  City,  Mich. 
Corse,  W.  M.,  25  Hendrie  Ave.,  Detroit,  Mich. 
Craig,  A.  G.,  377  W.  125th  St.,  N.  Y.  City. 
Doan,  (Miss)  Martha,  Vassar  College,  Poughkeepsie,  N.  Y. 
Dunlap,  F.  L.,  717  Arbor  St.,  Ann  Arbor,  Mich. 
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Eccles,  David  C,  191  Dean  St.,  Brooklyn,  N.  Y. 

Edgar,  C.  G.,  72  Jefferson  Ave.,  Detroit,  Mich. 

Ellis,  Carleton,  Room  37,  235  Washington  St.,  Boston,  Mass. 

Ely,  Chas.  R.,  Frederick,  Md. 

Escher,  Paul,  1332  South  Ave.,  Niagara  Falls,  N.  Y. 

Felt,  W.  W.,  6312  Parnell  Ave.,  Chicago,  111. 

Fernberger,  H.  M.t  1939  N.  12th  St.,  Philadelphia,  Pa. 

Fosdick,  E.  H.,  828  E.  3rd  St.,  Lbs  Angeles,  Cal. 

Fritchle,  O.  P.,  161 8  Pennsylvania  Ave.,  Denver,  Colo. 

Gass,  James  K.,  413  Vanhook  St.,  Camden,  N.  J. 

Getz,  Wm.  H.,  5433  Vernon  Ave.,  St.  Louis,  Mo. 

Godley,  Geo.  McM.,  N.  J.  Zinc  Co.  (of  Pa.),  Palmerton,  Pa. 

Goessmann,  C.  I.,  721  Pleasant  St.,  Worcester,  Mass. 

Graham,  J.  Howard,  1309  Erie.  Ave.,  Philadelphia,  Pa. 

Hall,  Roy  D.,  Burnett  Junction,  Wis. 

Hamilton,  L.  P.,  Dunbar,  Pa. 

Harding,  E.  P.,  1316  7th  St.,  S.  E.,  Minneapolis,  Minn. 

Hartzell,  L.  J.,  Box  6,  Philipsburg,  Mont. 

Hazard,  F.  R.,  Box  2,  Syracuse,  N.  Y. 

Hershey,  Elam,  Care  Northern  Iron  Co.,  Port  Henry,  N.  Y. 

Hicks,  Edwin  F.,  361  W.  27th  St.,  N.  Y.  City. 

Hovey,  Will  C,  143  and  145  Lake  St.,  Chicago,  111. 

Howard,  A.  P.,  77  Broad  St.,  Boston,  Mass. 

Humphrey,  Richard  L. ,  Harrison  Bldg. ,  Philadelphia,  Pa. 

Jessurun,  David,  Wallesburg  Sugar  Co.,  Wallesburg,  Ontario, 
Canada. 

Jones,  L.  J.  W.,  813  Worthington  Place,  Omaha,  Nebr. 

Keller,  Charles,  117  Biddle  Ave.,  Sta.  D.,  Pittsburg,  Pa. 

Keller,  Cornelius,  care  of  Geo.  B.  Wardman,  Aguascalientes, 
Mexico. 

Kendall,  Arthur  I.,  338  Broadway,  Somerville,  Mass. 

Kendall,  E.  Dwight,  395  Ocean  Ave.,  Brooklyn,  N.  Y. 

Knorr,  Aug.  E.,  Baltimore  Copper  Smelting  and  Rolling  Co., 
Canton,  Baltimore,  Md. 

Krayer,  Stephen  S.,  Herf  &  Frerichs  Chem.  Wks.,  St.  Louis, 
Mo. 

Lacbman,  Arthur,  1732  Pacific  Ave.,  San  Francisco,  Cal. 

Langley,  Clifford,  229  Blatchley  Ave.,  New  Haven,  Conn. 

Lichtenstein,  A.  F.,  Box  350,  North  Adams,  Mass. 

Mabery,  C.  F.,  North  Gorham,  Me. 

Mains,  E.  E.,  582  18th  St.,  Detroit,  Mich. 

Mason,  Francis  P.,  Pittsburgh  Plate  Glass  Co.,  Frick  Bldg., 
Pittsburg,  Pa. 

Mathewson,  E.  P.,  Anaconda,  Mont. 

Miller,  Armand  R.,  Man.  Tr.  High  School,  Kansas  City,  Mo. 

Myers,  Ralph  E.,  Chem.  Lab.,  Lake  Superior  Power  Co., 
Sault  Ste.  Marie,  Ontario. 
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Osborne,  Thos.  B.,  Box  164,  New  Haven,  Conn. 

Page,  Robt.  W.,  Box  79,  Litchfield,  Conn. 

Pegg,  E.  F. ,  100  W.  Clinton  St. ,  Cleveland,  Ohio. 

Pemberton,  H.,  Jr.,  Cape  May,  N.  J. 

Perry,  Joseph  H.,  27.6  Highland  St.,  Worcester,  Mass. 

Plank,  W.  F.,  Box  63,  Morgan  town,  Pa. 

Rand,  Chas.  L.,  929  Lafayette  Ave.,  Brooklyn,  N.  Y. 

Reese,  Herbert  J.,  Livingston,  Mont. 

Ritchey,  J.  C,  The  Salem  Iron  Co.,  Leetonia,  O. 

Rogers,  Allen,  Hampden  Corner,  Maine. 

Root,  William  W.,  410  Marshfield  Ave. ,  Chicago,  111. 

Seidensticker,  L.  J,  care  of  Mr.  F.  J.  Seidensticker,  6  Hurlburt 
St. ,  Cambridge,  Mass. 

Silverman,  Alexander,  803  S.  Negley  Ave. ,  Pittsburg,  Pa. 

Simonson;  W.,  126  W.  9th  St.,  Cincinnati,  O. 

Skinner,  Hervey  J.,  care  of  Little  &  Walker,  7  Exchange 
Place,  Boston,  Mass. 

Smith,  Francis  P.,  care  of  Percy  Tarbutt,  Esq.,  23  St.  Swith- 
in's  Lane,  London,  E.  C,  England. 

Smith,  Frederic  J.,  46  Reid  St.,  Elizabeth,  N.  J. 

Stern,  David,  108  Garfield  PI.,  Cincinnati,  O. 

Titus,  (Miss)  Winifred,  425  Park  St.,  Madison,  Wis. 

Trowbridge,  P.  F.,  Crosweil,  Mich. 

Tuckerman,  Alfred,  n  23  Broadway,  N.  Y.  City. 

Turner,  B.  B.,  Care  Mr.  E.  S.  Hall,  127  Forest  Ave.,  James- 
town, N.  Y. 

Vinson,  A.  E.,<ji  Walnut  St.,  Dayton,  O. 

Warren,  Robert' C,  Armour  Packing  Co.,  Armour  Station, 
Kansas  City,  Kans. 

Whitaker,  M.  C,  care  of  Welsbach  Light  Co.,  Gloucester  City, 
N.J. 

Wigfall,  E.  Newton,  Lansdowne,  Pa. 

Wilkins,  Albert  D.,  Box  324,  Vandergrift,  Pa. 

Wood,  E.  F.,  P.  O.  Box  1325,  74  Broadway,  N.  Y.  City. 

Youtz,  L.  A.,  Lawrence  Univ.,  Appleton,  Wis. 

Zoul,  Charles  V.,  1646  Broadway,  Cleveland,  O. 

ADDRESS  WANTED. 

Campbell,  George  F. ,  formerly  of  Peoria,  111. 

MEETINGS  OF  THE  SECTIONS. 

NORTH  CAROLINA  SECTION. 

The  sixth  annual  meeting  of  the  North  Carolina  Section  was 


(67) 

held  on  Saturday,  May  17th,  in  the  office  of  the  State  Chemist, 
Agricultural  Building,  Raleigh. 

The  officers  elected  for  the  ensuing  year  were:  President,  Chas. 
E.  Brewer  ;  Vice-President,  G.  S.  Fraps  ;  Secretary-  Treasurer, 
C.  B.  Williams ;  Councilor,  B.  W.  Kilgore,  and  Executive  Com- 
mittee, Chas.  E.  Brewer,  G.  S.  Fraps,  and  C.  B.  Williams. 

Resolutions  were  passed  in  remembrance  of  Hugh  Lee  Miller, 
who  died  on  February  5th. 

The  program  was  as  follows  :  "  Molecular  Attraction,"  by 
J.  E.  Mills;  "  Bromination  of  Heptane  under  Pressure,"  by 
A.  S.  Wheeler  ;  "  Notes  on  the  Occurrence  of  Cobalt  in  Wake 
County,  North  Carolina,' '  by  S.  E.  Asbury  ;  "Action  of  Chloral 
upon  the  Nitranilines,"  by  A.  S.  Wheeler  and  H.  R.  Weller  : 
"  The  Determination  of  Starch  in  Baking- Powders,"  by  W.  M. 
Allen;  "Arsenic  Pentachloride,"  by  Chas.  Baskerville  and  H.  H. 
Bennett ;  Separation  of  Pure  Praeseodymium  Compounds,"  by 
Chas.  Baskerville  and  J.  W.  Turrentine  ;  "  The  Sulphur  Con- 
tent of  Some  Plants,"  by  W.  A.  Withers  and  G.  S.  Fraps  ;  "De- 
termination of  Sulphur  in  Plants;"  by  G.  S.  Fraps;  "  Determi- 
nation of  Sulphuric  Acid  in  Soils,"  by  C.  B.Williams;  "Some  New 
Reactions  of  Thorium  and  Allied  Elements  with  Organic  Bases," 
by  Chas.  Baskerville  and  F.  H.  Lemly  ;  "  Rediscovery  of  a  Pro- 
cess for  RenderiJRfighosphoric  Acid  Available,"  by  Chas.  Basker- 
ville; "A  Bath  for  Hot  Precipitations,"  by  Chas.  Baskerville; 
"A  Platinum  Air- Bath,"  by  Chas.  Baskerville;  "Black  Rain 
in  North  Carolina,"  by  Chas.  Baskerville  and  H.  R.  Weller. 

C.  B.  Williams,  Secretary. 
MICHIGAN   SECTION. 

The  Michigan  Section  met  in  the  convention  hall  of  the  Rus- 
sell House,  Detroit,  on  Friday  evening,  April  26th,  at  eight 
o'clock.     About  sixty  members  and  visitors  were  in  attendance. 

The  following  papers  were  presented:  "  Chemical  Architec- 
ture," by  Dr.  J.  M.  Francis  ;  "  Comparison  of  Methods  for  Di- 
rect Analysis  of  Beets,"  by  Mr.  David  L.  Davoll,  Jr.;  "  Triva- 
lent  Carbon,"  by  Dr.  M.  Gomberg. 

Previous  to  the  meeting  there  was  an  informal  dinner  at  the 
Russell  House,  with  twenty-six  present.     A  communication  from 
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the  Michigan  Academy  of  Science  was  read,  proposing  an  affilia- 
tion of  all  the  scientific  organizations  of  the  state.  The  president 
of  the  section,  Professor  Freer,  was  appointed  to  represent  the 
section  at  a  conference  of  societies  interested. 

Axpkbd  H,  Whits,  Secrttorr. 
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TWENTY-SIXTH  GENERAL  MEETING  OF  THE 
AMERICAN  CHEMICAL  SOCIETY. 

The  twenty-sixth  general  meeting  of  the  American  Chemical 
Society  was  called  to  order  by  President  Remsen,  in  the  chapel 
of  the  Bellefield  Presbyterian  Church,  Pittsburg,  Pa.,  at  11.20 
a.m.,  Monday,  June  30,  1902. 

The  minutes  of  the  twenty-fifth  general  meeting  were  approved 
as  recorded  in  the  secretary's  book. 

Reading  and  discussion  of  papers  was  then  taken  up  in  the  fol- 
lowing order : 

"Bessemer  and  Open-hearth  Steel  Practice,"  by  Edward  H. 
Martin  and  William  Bostwick.     Read  by  Mr.  Martin. 

"Manufacture  of  Optical  Glass,"  by  George  A.  Macbeth. 

"The  Ozone  from  Potassium  Chlorate/  •  by  Edward  Hart. 
Read  by  title. 

"Electric  Combustion, "  by  Edward  Hart. 

"Arsenic  Pentachloride,"  by  Charles  Baskerville  and  H.  H. 
Bennett. 

"A  New  Method  for  the  Preparation  of  Pure  Praseodymium 
Compounds,"  by  Charles  Baskerville  and  J.  W.  Turrentine. 

"Deportment  of  Pure  Thorium  and  Allied  Elements  with  Or- 
ganic Bases,"  by  Charles  Baskerville  and  P.  H.  Lemly. 

"The  Chlorides  of  Ruthenium,"  by  Jas.  Lewis  Howe. 

After  some  announcements  by  the  secretary,  the  session  was 

adjourned. 

TUESDAY,  JULY  1ST. 

The  Society  was  called  to  order  by  the  president  at  9. 10  a.m. 
A  few  membership  statistics  were  presented  by  the  secretary, 
after  which  papers  were  read  and  discussed  as  follows  : 

"Malleable  Iron,"  by  H.  E.  Diller. 
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"The  Electrical  Conductivity  and  Freezing- Points  of  Aqueous 
Solutions  of  Certain  Metallic  Salts  of  Tartaric,  Malic,  and  Suc- 
cinic Acids,"  by  O.  F.  Tower. 

"The  Old  and  the  New  in  Steel  Manufacture,"  by  William 
Metcalf. 

"An  Explanation  of  Quantivalence  and  of  Stereochemistry/' 
by  T.  W.  Richards. 

"The  Exactness  of  Faraday's  Law,"  by  T.  W.  Richards. 

"Ionic  Velocities  in  Liquid  Ammonia  Solutions,"  by  E.  C. 
Franklin  and  H.  P.  Cady.     Read  by  Mr.  Cady. 

"A  Thermochemical  Constant,"  by  F.  W.  Clarke.  Discussed 
by  Messrs.  W.  A.  Noyes,  Clarke,  and  Bancroft. 

"Solubility,  Electrolytic,  and  Chemical  Action  in  Liquid  Hy- 
drocyanic Acid,"  by  Louis  Kahlenberg  and  Herman  Schlundt 
Read  by  title. 

"Molecular  Attraction,"  by  J.  E.  Mills.     Read  by  title. 

"On  Conductivity,"  by  George  A.  Hulett. 

"Relation  between  Negative  Pressure  and  Osmotic  Pressure," 
by  George  A.  Hulett.     Read  by  title. 

"A  New  Apparatus  for  Measuring  the  Coefficient  of  Expansion 
of  Gases,"  by  T.  W.  Richards  and  K.  L.  Mark.     Read  by  title. 

"The  Expansion  of  a  Gas  into  a  Vacuum  and  the  Kinetic  The- 
ory of  Gases,"  by  Peter  Fireman.     Read  by  title. 

"Electrolytic  Deoxidation  of  Potassium  Chlorate,"  by  Wilder 
D.  Bancroft.     Read  by  title. 

"The  Solid  Phases  in  Certain  Alloys,"  by  Wilder  D.  Bancroft. 
Read  by  title. 

Upon  motion  of  the  secretary,  votes  of  thanks  were  given  unan- 
imously as  follows  :  To  the  Local  Committee  of  Arrangements, 
George  A.  Wardlaw,  secretary  ;  Engineering  Society  of  Western 
Pennsylvania  and  its  committee  appointed  for  entertaining  the 
chemists  ;  managers  of  the  various  works  and  institutions  that 
have  been  open  to  the  visit  and  inspection  of  the  chemists ;  pas- 
tor and  trustees  of  the  Bellefield  Presbyterian  Church  ;  Professor 
Francis  C.  Phillips  ;  also  to  the  following  named  gentlemen  who 
presented  papers  and  addresses  upon  the  various  manufac- 
turing interests  of  Pittsburg  and  vicinity  :  Edward  H.  Martin 
and  William  Bostwick  ;  George  A.  Macbeth,  H.  E.  Diller,  and 
William  Metcalf. 

After  a  few  announcements,  the  twenty-sixtn  general  meeting 
of  the  Society  was  adjourned. 

Albert  C.  Hale,  Secretary. 
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COUNCIL. 

A  meeting  of  the  Council  of  the  American  Chemical  Society 
was  held  in  the  parlor  of  Hotel  Schenley,  Monday,  June  30,  1902. 
The  meeting  was  called  to  order  by  President  Remsen  at  9.40  p.m. 

The  following  named  councilors  were  present :  Messrs.  Rem- 
sen, E.  F.  Smith,  C.  B.  Dudley,  Clarke,  Marshall,  T.  W.  Rich- 
ards, McMurtrie,  Parker,  Hillebrand,  Hale,  Morley,  Long,  Ven- 
able,  W.  A.  Noyes,  Baskervijle,  and  Talbot. 

The  minutes  of  the  twenty-fifth  general  meeting,  as  recorded 
in  the  secretary's  book,  were  approved. 

The  Council  voted  that  the  names  of  all  candidates  for  mem- 
bership presented  up  to  the  close  of  the  twenty-sixth  general 
meeting,  are  herewith  passed  upon  favorably  by  the  Council,  and 
the  candidates  shall  be  notified  by  the  secretary  of  their  election 
to.membership,  whenever  all  other  requirements  in  their  case  shall 
be  fulfilled. 

It  was  voted  that  the*  next  general  meeting  of  the  Society  shall 
be  held  in  Washington,  D.C.,  during  "Convocation  Week"  (the 
week  in  which  the  first  day  of  January  occurs),  upon  such  days 
as  the  president  and  secretary  may  determine. 

The  secretary  then  presented  to  the  Council  the  following  com- 
munication : 

"  To  the.  Council  0/  the  American  Chemical  Society  : 

"Gentlemen. — The  American  Chemical  Society  has  honored 
me  with  the  office  of  secretary  continuously  since  the  year  18S9. 
For  a  few  years  my  position  was  that  of  corresponding  secretary, 
but  soon  the  duties  of  both  corresponding  and  recording  secretary 
were  united  in  the  same  person  and  have  so  continued  until  the 
present  time. 

"These  have  been  years  of  arduous  service,  and  also  years  in 
which  much  gratification  has  come  to  us  all. 

"In  1889  there  were  only  204  persons  enrolled  as  members  of 
the  Society,  the  smallest  number  in  its  whole  history.  Since 
that  year  the  roll  of  membership  has  steadily  increased,  while 
previous  to  that  date  there  was  a  gradual  decline  for  several  years. 
To-day  there  are  2.020  members  in  full  standing,  50  other  persons 
just  notified  of  their  election  as  members,  and  there  are  26  nomi- 
nations to  membership  pending,  making  a  grand  total,  when  all 
shall  have  qualified,  of  2,096. 

"  It  is  not  for  me  to  say  to  what  extent  the  humble  efforts  of 
the  secretary  and  his  devotion  to  the  welfare  of  the  Society  may 
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have  contributed  to  the  sudden  and  permanent  change  in  its  for- 
tunes which  is  represented  by  these  variations  in  its  membership 
roll.  The  repeated  endorsement  of  the  record  of  the  secretary  by 
his  reelection  to  the  same  office  year  after  year,  reveals  the  confi- 
dence and  support  that  have  been  given  him,  and  constitutes  a 
testimonial  which  he  has  highly  appreciated,  and  for  which  he  de- 
sires to  express  his  heartfelt  thanks. 

"  The  time  has  come  now  when  I  must  decline  a  reelection  to 
the  office  of  secretary  which  I  have  occupied  so  many  years.  The 
increasing  demands  of  the  position  require  more  of  time  and  en- 
ergy than  I  can  afford  to  withdraw  from  other  duties  both  official 
and  personal.  I  take  the  opportunity  of  notifying  you  at  this 
time  of  my  decision  in  order  that  you  may  be  able  to  mature  plans 
for  the  successful  administration  of  the  office  of  secretary  after 
the  close  of  this  calendar  year  when  the  period  for  which  I  was 
last  elected  shall  expire. 

"  With  most  cordial  and  grateful  thanks  for  your  confidence 
and  support  in  the  past  and  assuring  the  Society,  through  yon, 
that  my  interest  in  its  welfare  will  be  deep  and  abiding,  I  remain, 

"Yours  respectfully, 

"AlbbrtC.  Hale. 
' '  Pittsburg ■,  June  jof  1902. '  * 

Upon  motion  of  Dr.  Edgar  F.  Smith,  it  was  voted  "  that  a  com- 
mittee of  three  be  appointed  by  the  chair  to  prepare  resolutions 
appieciative  of  the  long  and  faithful  services  of  the  secretary,  who 
declines  to  accept  reelection  at  the  expiration  of  the  calendar 
year. ' '  The  chair  appointed  as  such  committee  Drs.  Smith,  Dud- 
ley, and  McMurtrie. 

The  secretary  called  attention  to  a  communication  which  be 
had  received  regarding  the  compilation  of  a  technolexicon  in  Ger- 
man, French,  and  English,  and  he  was  authorized  to  have  a  notice 
of  the  proposed  work  printed  in  the  Journal  and  to  receive  and 
forward  to  those  having  it  in  charge  the  names  of  such  persons* 
as  shall  notify  him  of  their  willingness  to  become  colaborers  in 
such  work. 

Dr.  H.  P.  Talbot  presented  the  following  report,  which  was  ac- 
cepted, and  its  recommendations  adopted  : 

11  The  committee  appointed  to  consider  the  desirability  of 
changes  in  the  system  of  administration  of  the  Society  and  in  the 
membership  of  the  Council  of  the  Society,  begs  to  report  as  fol- 
lows : 

1 '  First.     That  the  committee  considers  it  inexpedient  at  this 
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time  to  recommend  any  change  in  the  constitution  of  the  Society 
with  reference  to  the  membership  of  the  Council. 

"Second.  That  the  committee  recommends  that  the  duties  of 
the  offices  of  secretary  and  editor  of  the  Society  be  combined,  and 
that  the  same  person  be  elected  to  serve  in  the  two  offices  after 
the  close  of  the  present  calendar  year. 

"H.  P.  Talbot, 
"  Secretary  of  the  Committee ." 

Upon  motion  of  Dr.  McMurtrie  it  was  voted  "that  the  president 
and  treasurer  be  authorized,  in  their  discretion,  to  negotiate  a  loan 
to  meet  the  necessities  of  the  present  year,  and  to  use  for  collat- 
eral, in  such  case,  any  securities  belonging  to  the  Society  pther 
than  those  covering  the  life-membership  funds." 

The  editor  requested  an  additional  allowance  to  be  inserted  in 
budget  of  expenses  for  the  current  year,  as  follows  :  For  printing, 
$1,400  ;  for  abstractors,  $300.     Total,  $1,700. 

This  request  was  granted,  and  the  Council  was  then  adjourned. 

Albert  C.  Hale,  Secretary. 

NAMES  PROPOSED  FOR  MEMBERSHIP. 

Breed,  (Miss)  Mary  B.,  Indiana  Univ.,  Bloomington,  Ind. . 
Carter,  William  H.,  Water  Bureau,  Dept.  of  Public  Works, 
Pittsburg,  Pa. 

Gray,  G.  W.,  Whiting,  Ind. 

Hall,  Elmon  Lawrence,  1613  Gough  St.,  San  Francisco,  Cal. 

Hawk,  W.  B.  N.,  Elyria,  O. 

Mal.linckrodt,  Edward,  Jr.,  26  Vandeventer  PI. ,  St.  Louis,  Mo. 

Mueller,  Edward,  Roanoke,  Va. 

Randel,  Frank  L.v  242  RutledgeSt.,  Brooklyn,  N.  Y. 

Taylor,  Edward  R.,  Penn  Yan,  N.  Y. 

Watkins,  Edwin  D.,  Lafayette  College,  Easton,  Pa. 

Wheeler,  C.  Gilbert,  14  State  St.,  Chicago,  111. 

NAMES  PROPOSED  FOR  ASSOCIATE  MEMBERSHIP. 

Outwater,  Raymond,  1312  B  St.,  S.  W.,  Washington,  D.  C. 

NEW  MEMBERS  ELECTED  JULY  14,  1902. 

Branegan,  James  A.,  931  Bedford  Ave.,  Brooklyn,  N.  Y. 
Collins,  Robert  H.,  Alameda  Sugar  Co.,  Alvarado,  Cal. 
Covell,  Charles  A.,  Syracuse,  N.  Y. 
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Emmons,  Frank  W.,  care  of  Washburn-Crosby  Co.,  Minneapo- 
lis, Minn. 

Fisher,  Fred.,  Newaygo,  Mich. 

Geer,  William  C,  122  Hazen  St.,  Ithaca,  N.  Y. 

Hill,  Lucian  A.,  Durham,  N.  H. 

Jennings,  Fred.  H.,  Orchard  Place,  Ithaca,  N.  Y. 

Lemley,  Frederick  H.,  Bio-chemical  Laboratory,  Dept.  of  Agr., 
Washington,  D.  C. 

Mende,  Alex.  P.,  125  E.  62d  St.,  N.  Y.  City. 

Miyake,  Hanzaburo,  121  Haight  St.,  San  Francisco,  Cal. 

Moss,  Eugene  G.,  Tenn.  C.  I.  and  R.  Co.,  Bessemer,  Ala. 

O'Neill,  James  G.,  Box  771,  Geneva,  N.  Y. 

Porter,  Fred.  B.,  4645  Evans  Ave.,  Chicago,  111. 

Read,  Thomas  T.,  Univ.  of  Wyoming,  Laramie,  Wyoming. 

Smith,  Arthur  G.,  care  of  Dickman,  Mackenzie  &  Potter,  "The 
Rookery/ '  Chicago,  111. 

Stearns,  Edgar  F.,  711  Nostraud  Avenue,  Brooklyn,  N.  Y. 

Turrentine,  John  W.,  Burlington,  N.  C. 

Weller,  Hubert  R. ,  Weldon,  N.  C. 

Wheeler,  Frank  G.,  New  York  Mills,  Oneida,  Co.,  N.  Y. 

ASSOCIATES  ELECTED  JULY  14,  1902. 

Batchelor,  Harry  D.,  West  Upton,  Mass. 

Burck,  Christian  A.,  Monroe,  Mich. 

Snelling,  Walter  O.,  12 12  L  St.,  N.  W.,  Washington,  D.C.. 

Stewart,  Morris  A.,  121  Belknap  St.,  Dover,  N.  H. 

CHANGES  OP   ADDRESS. 

Beans,  H.  T.,  2406  N.  21st  St.,  Omaha,  Nebr. 
Bird,  R.  M.,  Univ.  of  Missouri,  Columbia,  Mo. 
Cady,  W.  B.,  Bay  City,  Mich. 
Collins,  Ward  O.,  1322  Hinman  Ave.,  Evanston,  111. 
Eberman,  W.  S.,  Sumpter,  Oregon. 
Ely,  Chas.  R.,  Gallaudet  College,  Washington,  D.  C. 
Escher,  Paul,  The  Provident  Chemical  Works,  St.  Louis,  Mo. 
Evans,  Wm.  L-,  1168  Fair  Ave.,  Columbus,  Ohio. 
Felt,  W.  W.,  6912  Parnell  Ave.,  Chicago,  111. 
Goodmar,  Julian  H.,  care  of  Joseph  Ullmann,   19  RitterStr., 
Leipstc,  Germany. 
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Gore,  Herbert  C,  Kent  Chem.  Lab.,  Univ.  of  Chicago,  Chi- 
cago, 111. 

Gross,  John,  Box  107,  Elyria,  Colo. 

Haslwanter,  Charles,  908  Willoughby  Ave.,  Brooklyn,  N.  Y. 

Haynes,  Herman  W.,  East  Pepperell,  Mas3. 

Hermes,  Edward,  Portsmouth,  Ohio. 

Herty,  Charles  H.,  U.  S.  Bureau  of  Forestry,  Ocilla,  Ga. 

Hill,  Arthur  E.,  Freiburg  in  Breisgau,  Germany. 

Kenrick,  E.  B.,  282  Assiniboine  Ave.,  Winnipeg,  Canada. 

Landon,  W.  B.,  Meadville,  Pa. 

Leach.  (Miss)  M.  F.,  802  Oakland  Ave.,  Ann  Arbor,  Mich. 

Mack,  J.  Lathrop,  Craigsville,  Augusta  Co.,  Va. 

Mersereau,  Gail,  130  E.  36th  St.,  N.  Y.  City. 

Miller,  Howard  E.,  134  W.  4th  St.,  Portsmouth,  O. 

Moore,  C.  J.,  Flint  Hill,  Va. 

Mowry,  Jesse  B.,  Chepachet,  R.  I. 

Naglevoort,  J.  B.,  702  Champlain  St.,  Detroit,  Mich. 

Page,  Robert  W.,  527  Third  St.,  Brooklyn,  N.  Y. 

Passolt,  H.  A.,  506  S.  Oakley  Ave.,  Chicago,  111. 

Patterson,  Austin  M.,  Xenia,  O. 

Phalen,  W.  C,  National  Museum,  Washington,  D.  C. 

Reese,  Chas.  L.,  care  of  Repauno  Chemical  Co.,  Chester,  Pa. 

Siedler,  George  J.,  253  Broadway,  N.  Y.  City. 

Sloane,  T.  O'Conor,  35  Broadway, N.  Y.  City. 

Stoddart,  Charles  W.,  1068  York  St.,  Denver,  Colo. 

Topping,  Alanson  N.,  921  Minn  Ave.,  Kansas  City,  Kans. 

Underwood,  Geo.  R.,  4  Emerson  St.,  Peabody,  Mass. 

Walker,  Percy  H.,  416  McCluny  St.,  Huntsville,  Ala. 

Willard,  H.  H.,  Union  City,  Mich. 

Wingate,  Hamilton,  "Glenthorpe,"  Cotham  Grove,  Bristol, 
England. 


The  Society  of  German  Engineers  has  undertaken  the  publica- 
tion of  a  Trilingual  Technical  Dictionary  in  German,  English, 
and  French,  to  be  called  the  "  Technolexicon,"  and  is  asking  for 
co-laborers  in  the  various  technical  branches.  A  note-book  will 
be  sent  to  each  person  who  indicates  his  willingness  to  act  as  a 
co-laborer,  and  he  is  asked  to  write  down  all  his  contributions 
and  notes  in  such  note-book.  The  note- book  consists  of  three 
sections,  one  for  each  language,  each  with  an  alphabetical  index. 
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On  the  inside  of  the  cover  instructions  are  given  as  to  using  the 
note-book  and  thus  contributing  to  the  success  of  the  under- 
taking. 

If  any  members  of  the  American  Chemical  Society  .or  others, 
are  willing  to  serve  as  co-laborers  and  will  signify  this,  sending 
at  the  same  time  their  names  and  addresses  to  the  Secretary  of 
the  American  Chemical  Society,  he  will  undertake  to  forward 
this  information  to  the  Society  of  German  Engineers,  and  the 
German  Society  will  thereupon  send  one  copy  of  the  note-book 
to  each  person  who  thus  expresses  his  willingness  to  aid  in  the 
undertaking.    Address,  without  delay, 

Albert  C.  Hale, 
Secretary  of  the  American  Chemical  Society, 

352  A  Hancock  St., 
Brooklyn,  N.  Y. 


Issued  with  September  Number,  190a. 
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COUNCIL. 

The  Council  has  approved  the  following  motion  offered  by  Dr. 
Wiley: 

"That  the  President  of  the  American  Chemical  Society  be 
authorized  to  appoint  a  committee  of  organization  to  enlist  the 
collaboration  of  American  chemists  in  the  Fifth  International 
Congress  of  Applied  Chemistry,  to  be  held  in  Berlin,  May  31  to 
June  7,  1903 :  that  the  committee  consist  of  at  least  ten  members 
representing  the  ten  sections  into  which  the  congress  has  been 
divided,  viz., 

1.  Analytical  chemistry,  apparatus  and  instruments. 

2.  Chemical  industries  of  inorganic  products. 

3.  Metallurgy  and  explosives. 

4.  Chemical  industries  of  organic  products. 

5.  Chemical  sugar  industry. 

6.  Fermentation  industries. 

7.  Agricultural  chemistry. 

8.  Hygiene,  medicine,  pharmaceutical  chemistry  and  food 
products. 

9.  Photo-chemistry. 
10.  Electrochemistry." 

NAMES  PROPOSED  FOR  MEMBERSHIP. 

Allen,  Wm.  P.,  N.  J.  Agr.  Exp.  Sta,,  New  Brunswick,  N.  J. 

Fairlie,  Andrew  M. ,  Detroit  Copper  and  Brass  Rolling  Mills, 
Detroit,  Mich. 

Gray,  John  H.,  Jr.,  1523  Pt.  Lobos  Ave.,  San  Francisco,  Cal. 

Haehnlen,  J.  L,.,  Otto,  Allegheny  Co.,  Pa. 

Parrett,  Ben  C,  Lake  Superior  Power  Co.,  Sault  Ste.  Marie, 
Ontario. 

Teeple,  John  E.t  Cornell  Univ.,  Ithaca,  N.  Y. 

Wheeler,  (Miss)  May,  802  Oakland  Ave.,  Ann  Arbor,  Mich. 

Woods,  Fred.  I,.,  418  South  St.,  Iola,  Kans. 
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NAMES  PROPOSED  FOR  ASSOCIATE  MEMBERSHIP. 

Welch,  Charles  C,  Jr.,  1450  Washington  Ave.,  Denver,  Cola 

NEW  MEMBERS  ELECTED  AUGUST  7,  1902. 

Breed,  (Miss)  Mary  B.t  Indiana  Univ.,  Bloomington,  Ind. 

Gray,  G.  W.,  Whiting,  Ind. 

Hall,  Elmon  J}.,  1613  Gough  St.,  San  Francisco,  Cal. 

Hawk,  W.  B.  N.,  Elyria,  O 

Mallinckrodt.  Edward,  Jr.,  26  Vandeventer  PL,  St.  Louis,  Mo. 

Randel,  Prank  L-,  242  Rutledge  St.,  Brooklyn,  N.  Y. 

Taylor,  Edward  R.,  Penn  Yan,  N.  Y. 

Wheeler,  C.  Gilbert,  14  State  St.,  Chicago,  111. 

NEW  MEMBERS  ELECTED  AUGUST  21,  1902. 

Carter,    Wm.  H.,   Water  Bureau,  Dept.  of  Public    Works, 
Pittsburg,  Pa. 
Mueller,  Edward,  Roanoke,  Va. 
Watkins,  Edwin  D.,  Lafayette  Coll.,  Easton,  Pa. 

ASSOCIATE  ELECTED  AUGUST  21,    1902. 

Outwater,  Raymond,  131 2  B.  St.,  S.  W.,  Washington,  D.  C. 

CHANGES  OP  ADDRESS. 

Arsem,  Wm.  C,  229  Liberty  St.,  Schenectady,  N.  Y. 

Batchelder,  Gilbert  N.,  Box  241,  Oxnard,  Cal. 

Blanchard,  Arthur  A.,  Newton  Centre,  Mass. 

Davis,  R.  S.,  P.  R.  R.  Lab.,  Altoona,  Pa. 

Fulweiler,  W.  H.,  12 19  Garfield  Ave.,  Kansas  City,  Mo. 

Gifford,  Wm.  E.,  59  Emmett  St.,  Newark,  N.  J. 

Graham,  J.  Howard,  Spanish  American  Iron  Co.,  Daiquiri, 
Cuba. 

Jackson,  Daniel  D.,  941  President  St. ,  Brooklyn,  N.  Y. 

Johnson,  E.  S.,  Solvay  Process  Co.,  Syracuse,  N.  Y. 

Keller,  A.  Cornelius,  Apartado  68,  Aguascalientes,  Mexico. 

Laist,  Frederick,  Chem.  Dept.,  Univ.  of  Utah,  Salt  Lake 
City,  Utah. 

Mackay,  Philip  A.,  Cockle  Creek,  New  South  Wales,  Australia. 

Mathews,  John  A.,  Crucible  Steel  Co.  of  America,  Syracuse, 
N.  Y. 

Page,  R.  W.,  527  Third  St.,  Brooklyn,  N.  Y. 

Parker,  Charles  E.,  164  New  St.,  New  Brunswick,  N.  J. 

Parmelee,  H.  C,  553  Emerson  St.,  Denver,  Colo. 

Peter,  Alfred  M.,  268  E.  Maxwell  St.,  Lexington,  Ky. 

Rapalje,  E.  H.,  Cronley,  N.  C. 

Rounds,  M.  B.  C,  12024  Stewart  Ave.,  West  Pullman, 
Chicago,  111. 
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Rust,  Robert  R.,  Beaumont,  Texas. 

Taylor,  H.  W.,  Baker  P.  O.,  La. 

Thayer,  Harry  S. ,  Greeley,  Colo. 

Volckening,  G.  J.,  660  Greene  Ave.,  Brooklyn,  N.  Y. 

Watters,  L.  L.,  142  W.  94th  St.,  N.  Y.  City. 

DECEASED  MEMBERS. 

Dr.  George  Mann  Richardson,  of  Stanford  University,  Cal., 
member  of  the  Society  since  1895,  died  July  26,  1902. 

ADDRESSES  WANTED. 

Boroschek,  L.,  fcymerly  of  149  E.  56th  St.,  N.  Y.  City. 
Sloane,  T.  O* Conor,  formerly  of  35  Broadway,  N.  Y.  City. 

MEETINGS  OF  THE  SECTIONS. 

CINCINNATI  SECTION. 

Since  November,  1901,  the  following  meetings  of  the  Cincinnati 
Section  have  been  held  and  the  following  papers  read  : 

87th  meeting,  December  14th  (annual  meeting):  "  The  Influ- 
ence of  Salts  on  the  Miscibility  of  Liquids,"  by  J.  P.  Snell. 

88th  meeting,  January  15th :  "On  the  Relation  of  the  Heat  of 
Combustion  to  the  Specific  Gravity  of  Fatty  Oils,"  by  H.  C. 
Sherman  and  J.  P.  Snell ;  "  On  the  Determination  of  Essential 
Oils,"  by  L.  L.  Watters. 

89th  meeting,  February  12th:  "Some  Curious  Mineral  and 
Geological  Specimens  from  Kentucky,"  by  John  Uri  Lloyd. 

90th  meeting,  March  12th :  "  Derivatives  of  Tetrahydroquino- 
line,"  by  Thomas  Evans;  ''Sulphur  in  Cottonseed,"  by  T-  D. 
Wetterstroem  ;  ' '  Remarks  on  Infectious  Diseases, ' '  by  Alfred 
Springer. 

91st  meeting,  April  1 6th  :  "Magnesium  Amalgam  as  a  Redu- 
cing Agent,"  by  H.  S.  Fry;  "Report  on  Knietsch's  Paper  on  the 
Manufacture  of  Sulphuric  Acid  by  the  Contact  Process,"  by  J.  F. 
Snell. 

92nd  meeting,  May  19th  :  "Systems  of  Water  Purification," 
by  J.  W.  EUms;  "Review  of  Grignard's  Paper  on  Magnesium 
Organic  Compounds,"  by  Thomas  Evans. 

93rd  meeting,  June  9th :  "On  Adulteration  of  Lavender  Oil 
with  Salicylic  Acid,"  by  Everhard  Weber;  "  Meta- and  Ana- 
Bromtetrahydroquinoline,"  by  Geoffrey  A.  Gray  ;  "  A  By- prod- 
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uct  of  the  Alkaline  Bromination  of  Cinnamic  Acid,"  by  Lloyd 

A.  Meader. 

At  the  annual  meeting  the  following  officers  were  elected: 
President— R.  W.  Hochstetter;  Vice-Presidents— Otto  Dieekmann 
and  H.  F.  Newman  ;   Secretary — L.  L.  Watters ;   Treasurer— 

B.  M.  Pilhashy  ;  Executive  Committee — H.  M.  Gordin,  W.  Simon- 
son,  and  J.  F.  Snell;  Representative  in  the  Council— Thorns 
Evans. 

At  the  June  meeting,  Dr.  Watters  resigned  the  secretaryship, 
and  Dr.  J.  F.  Snell  was  elected  to  fill  the  unexpired  term. 

J.  P.  Shxix,  Stcrdary. 


Inaued  with  October  Number,  1909 
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COUNCIL. 

NAMES  PROPOSED  FOR  MEMBERSHIP. 

Acker,  Chas.  E.,  Niagara  Falls,  N.  Y. 
Arbuckle,  H.  B.,  Agnes  Scott  Inst.,  Decatur,  Ga. 
Boiling,  George  E.,  1257  Belmont  St. ,  Brockton,  Mass. 
Carr,  George  R.,  416  Home  Ave.,  Oak  Park,  111. 
Corwin,  C.  E.,  508  5th  St.,  Marietta,  O. 
Edgar,  William  H.,  27-34  Rialto  Bldg.,  Chicago,  111. 
Fenner,  L.  M.,  Watertown,  N.  Y. 
Gerber,  Harry,  Fremont,  Mich. 

Grimwood,  Charles  P.,  214  Pine  Street,  San  Francisco,  Cal. 
Horn,  David  W.,  Bryn  Mawr,  Pa. 
Kahn,  Julius,  Bloomfield,  N.  J. 
Keran,  J.  N.,  Fowler,  Fresno  Co.,  Cal. 
Lyon,  D.  A.,  320  Sansome  St.,  San  Francisco,  Cal. 
Merriam,  Edmund  S.,  314  Collins  St.,  Hartford,  Conn. 
Muckenfuss,  A.  M.,  Univ.  of  Ark.,  Fayetteville,  Ark. 
O'Connell,  C.  J.,  Mountain  Iron,  Minn. 
Rose,  Lewis  H.,  Univ.  of  Ark.,  Fayetteville,  Ark. 
Ross,  Samuel  H.,  53  Morris,  Univ.  of  Pa.  Dormitories,  Phila. 
Swain,  Robert  E.,  Stanford  University,  Cal. 
Trebing,  H.,  Charlotte,  Monroe  Co.,  N.  Y. 
Williams,  Frank  M.,  Clarkson  School  of  Technology,  Potsdam, 
N.  Y. 
Worrell,  Steve  H.,  Univ.  of  Tex.,  Austin,  Texas. 

NEW  MEMBERS  ELECTED  SEPTEMBER  26,  1002. 

Allen,  Wm.  P.,  N.  J.  Agr.  Exp.  Station,  New  Brunswick,  N.  J. 

Fairlie,  Andrew  M.,  Detroit  Copper  and  Brass  Rolling  Mills, 
Detroit,  Mich. 

Gray,  John  H.,  Jr.,  1523  Pt.  Lobos  Ave.,  San  Francisco,  Cal. 

Haehnlen,  J.  L.,  Otto,  Allegheny  Co.,  Pa. 

Parrett,  Ben.  CM  Lake  Superior  Power  Co.,  Sault  Ste.  Marie, 
Ont. 

Teeple,  John  E.,  Cornell  Univ.,  Ithaca,  N.  Y. 

Wheeler,  (Miss)  May,  802  Oakland  Ave.,  Ann  Arbor,  Mich. 

Woods,  Fred  L.,  418  South  St.,  Iola,  Kans. 
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ASSOCIATE  ELECTED  SEPTEMBER  26,  I902. 

Welch,  Charles  C,  Jr.,  1450  Washington  Ave.,  Denver,  Colo. 

CHANGES  OP  ADDRESS. 

Abbott,  Francis  L. ,  care  of  Cia.  Fundidora  de  Fierro  y  Acero 
de  Monterey,  Monterey,  Mexico. 

Alway,  F.  J.,  Nebr.  Wes.  Univ.,  University  Place,  Nebr. 

Barrett,  Jesse  M.,  R.  R.  No.  5,  Greenfield,  Ind. 

Beans,  H.  T.,  324  W.  115th  St.,  N.  Y.  City. 

Beistle,  Charles  P.,  Frankford  Arsenal,  Philadelphia,  Pa. 

Bernhard,  Adolph,  Stone  Creek,  Ohio. 

Bizzell,  J.  A.,  217  Mitchell  St.,  Ithaca,  N.Y. 

Bloom,  W.  E.,  312  Ninth  St.,  Sunbury,  Pa. 

Boesch,  B.  W.,  11  Warren  St.,  Peabody,  Mass. 

Braman,  Winfred  W.,  129  West  St.,  Worcester,  Mass. 

Burck,  C.  A.,  418  South  St.,  Iola,  Kans. 

Clark,  Friend  E.,  W.  Va.  Univ.,  Morgantown,  W.  Va. 

Comey,  Arthur  M.,  12  Pearl  St.,  Boston,  Mass. 

Corse,  W.  M.,  258  Horton  Ave.,  Detroit,  Mich. 

Craig,  A.  G.,  Chappaqua,  Mountain  Inst.,  Chappaqua,  N.  Y. 

Dains,  F.  B.,  Washburn  Coll.,  Topeka,  Kans. 

Daniel,  F.  C,  140  R.  St.,  N.  E  ,  Washington,  D.  C. 

Desper,  E.  W.,  6  Green  Lane,  Worcester,  Mass. 

Devlin,  J.  A.,  315  S.  Walnut  St.,  Iola,  Kans. 

Dunn,  W.  A.,  940  S.  Figueroa  St.,  Los  Angeles,  Cal. 

Eccles,  David  C. ,  Northwestern  Univ.  School  of  Pharmacy, 
Lake  and  Dearborn  Sts.,  Chicago,  111. 

Exner,  Franz  F.,  no  N.  Wanamaker  St.,  Philadelphia,  Pa. 

Fowler,  R.  E.,  58  Cornell  Heights,  Ithaca,  N.  Y. 

Fuller,  George  W.,  170  Broadway,  N.  Y.  City. 

Godley,  Geo.  McM.,    care  of  Warren  Foundry  and  Machine 
Co.,  160  Broadway,  N.  Y.  City. 

Goodell,  George  A.,  529  W.  123rd  St.,  N.  Y.  City. 

Hall,  C.  A.,  517  North  American  Bldg.,  Philadelphia,  Pa. 

Hanzlik,  Vaclav,  Box  96,  Wallaceburg,  Ont. 

Herms,  Edward,  care  Commonwealth  Steel  Co.,  Granite  City, 
111. 

Hoffman,  P.  C,  Box  562,  Montgomery,  Ala. 

Holbrook,  G.  M.,  6406  Star  Ave.,  Jackson  Park,  Chicago,  HI. 

Hooper,  Everett,  Warren  Chambers,  Boston,  Mass. 

Howard,  Henry,  Boulevard  Sta.,  Boston,  Mass. 

Laudig,  O.  O.,  Supt.  Blast  Furnaces,  Illinois  Steel  Co.,  South 
Chicago,  111. 

Lee,  John  C,  Boulevard  Sta.,  Boston,  Mass. 

Lee,  Waldemar,  Palmerton,  Carbon  Co.,  Pa. 

Loeb,  Morris,  Seabright,  N.  J. 

Long,  J.  H.,  Lake  and  Dearborn  Sts.,  Chicago,  111. 

Mabery,  C.  F.,  788  Fairmount  St.,  Cleveland,  Ohio. 
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Marsh,  Harry  B.,  66  Windham  St.,  Willimantic,  Conn. 

McMurtrie,  Wm.,  444  West  End  Ave.,  New  York  City. 

Montgomery,  Jack  P.,  Agricultural  College,  Miss. 

Montgomery,  T.  S.,  Oglesby,  111. 

Nelson,  E.  K.,  care  of  Swift  &  Co.  Chem.  Lab.,  U.  S.  Yards, 
Chicago,  111. 

Palmer,  Charles  S.,  State  School  of  Mines,  Golden,  Col. 

Patterson,  Charles  W. ,  Lake  and  Dearborn  Sts. ,  Chicago,  111. 

Pemberton,  Henry,  Jr.,  1008  Clinton  St.,  Philadelphia,  Pa. 

Perkins,  T.  S.,  Union  Sugar  Co.,  Betteravia,  Cal. 

Pierson,  W.  C,  62  Woodward  Ave.,  Atlanta,  Ga. 

Plank,  W.  F.,  care  of  United  Coke  &  Gas  Co.,  Otto,  Alle- 
gheny Co.,  Pa. 

Pratt,  Joseph  H.,  141  Broadway,  New  York  City. 

Riederer,  E.  J.,  251  W.  95th  St.,  New  York  City. 

Rising,  W.  B.,  Univ.  of  Cal.,  Berkeley,  Cal. 

Safford,  E.  B.,  493  42nd  PI.,  Chicago,  111. 

Schlundt,  Herman,  Columbia,  Mo. 

Sloane,  T.  O'Couor,  35  Wall  St.,  New  York  City. 

Smith,  H.  E.,  Chemist  L.  S.  &  M.  S.  Ry.,  Collinwood,  O. 

Snelling,  W.  O.,  13 13  New  York  Ave.,  N.  W.,  Washing- 
ton, D.  C. 

Strahorn,  A.  T.,  Bureau  of  Soils,  Dept.  of  Agr.,  Washington, 
D.  C. 

Sullivan,  Eugene  C,  502  Forest  Ave.,  Ann  Arbor,  Mich. 

Swan,  Clifford  M.,  Boulevard  Sta.,  Boston,  Mass. 

Thompson,  Firman,  New  Carlisle,  O. 

Wallace,  E.  C,  Cambridgeport,  Mass. 

Watson,  C.  A.,  Salem,  N.  C. 

Watson,  E.  T.,  Lock  Box  807,  Charleston,  Kanawha  Co.,  W. 
Virginia. 

Weller,  H.  R.,  Univ.  of  N.  C,  Chapel  Hill,  N.  C. 

Wilkins,  A.  D.,  Bellevue  P.  O.  Sta.,  Allegheny,  Pa. 

Youtz,  L.  A.,  672  Lawe  St.,  Appleton,  Wis. 

ADDRESSES  WANTED. 

Hayes-Campbell,  J.,  formerly  of  23  Branch  St.,  St.  Louis,  Mo. 
Kamerer,  A.  L.,  formerly  of  Dormitories  Univ.  of  Pa.,  Phila., 
Pa. 


DECEASED  MEMBER. 

Dr.  W.  M.  Mew,  of  Washington,  D.  C,  member  of  the  So- 
ciety since  1892,  died  Sept.  19,  1902.  Dr.  Mew  had  been  for 
thirty  years  in  the  medical  department  of  the  army,  and  was  a 
member  of  the  U.  S.  Pharmacopoeial  Revision  Committee. 
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MEETINGS  OF  THE  SECTIONS. 

PHILADELPHIA  SECTION. 

The  annual  meeting  of  the  Section  was  held  May  12th.  The 
following  officers  were  elected:  President — Henry  Leffmann; 
Secretary  and  Treasurer— F \  E.  Dodge  ;  Exec.  Com. — Jesse  Jones, 
George  E.  Thomas,  L.  F.  Kebler.  The  retiring  chairman,  J. 
Merritt  Matthews,  gave  an  address  on  "Some  Phases  of  Textile 
Chemistry,"  and  the  paper  was  discussed  by  Messrs.  Withrow, 
Leffmann,  Sabin,  and  Taggart. 

On  June  12th,  the  following  papers  were  presented:  "The  Re- 
lation of  Chemistry  to  the  National  Government,"  illustrated  by 
lantern  slides,  by  H.  W.  Wiley ;  "  The  Steel  Works  Laboratory/' 
by  George  W.  Sargent ;  "Carbon  by  Combustion,"  by  George 
Auchy. 

P.  B.  Dodgb,  Stcy. 
KANSAS  CITY  SECTION. 

Since  the  beginning  of  the  year  1902  the  Kansas  City  Section 
has  held  the  following  meetings : 

10th  meeting,  January  14  :  "The  Manufacture  and  Chemistry 
of  Portland  Cement,"  by  E.  C.  Champion. 

nth  meeting,  February  nth :  "  The  Manufacture  and  Chem- 
istry of  Fertilizers,"  by  Jesse  M.  Barrett. 

1 2th  meeting,  March  nth  :  "  Some  Alkaloids  and  their  Syn- 
thetical Preparation"  and  "Some  Derivatives  of  Quinoline 
Prepared  at  Kansas  University,"  by  Edward  Bartow. 

13th  meeting,  April  22nd  :  "  Liquid  Air,"  by  E.  C.  Franklin  ; 
this  lecture  was  illustrated  by  experiments,  being  delivered  at  the 
University  of  Kansas,  where  Professor  Franklin  has  an  air-lique- 
fying plant. 

14th  meeting,  May  20th  :  "  Colloidal  Solutions,"  by  Lucien  I. 
Blake. 

Armand  R.  Miluul,  See*?. 
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COUNCIL. 

Dear  Sir  : 

Article  XII  of  the  Constitution  of  the  American  Chemical  So- 
ciety provides  that  "the  assent  of  two-thirds  of  the  members 
voting  on  an  amendment  shall  be  necessary  to  its  adoption."  It 
will  be  seen  from  the  following  report  of  the  canvassers  that  each 
one  of  the  amendments  recently  submitted  to  the  Society  has  been 
adopted : 

Brooklyn,  N.  Y.,  October  23,  1902. 
We,  the  undersigned,  hereby  certify  that  the  following  is  the 
result  of  the  canvass  of  ballots  received  from  members  of  the 
American  Chemical  Society,  upon  the  proposed  amendments  to 
the  Constitution  of  the  Society,  submitted  September  16,  1902  : 

In  favor  of  amendment  one  ....      360 

Against  amendment  one  ....  35 

In  favor  of  amendment  two  -  -  -  -      360 

Against  amendment  two  ....  68 

• 

In  favor  of  amendment  three  -  -  -  372 

Against  amendment  three         ....  68 

In  favor  of  amendment  four  ....      395 

Against  amendment  four  -  -  -  45 

In  favor  of  amendment  five  -  -  -  -391 

Against  amendment  five  -  42 

Albert  C.  Hale, 
W.  H.  Broadhurst, 
W.  Casamajor, 

Canvassers. 


(86) 

The  paragraphs  of  the  constitution,  designated  below,  are  there- 
fore amended  to  read  as  follows : 

Article  III,  Section  i.  —  "The  Society  shall  consist  of  members, 
life  members,  and  honorary  members." 

Article  HI,  Section  2. — "Any  person  interested  in  the  promo- 
tion of  chemistry  may  be  nominated  for  election  as  a  member." 

Article  III,  Section  j. — "Any  person  who  shall  have  been  nom- 
inated in  writing  in  due  form  by  three  members  of  the  Society, 
and  whose  nomination  shall  have  been  endorsed  by  a  majority  of 
the  Committee  on  Membership,  shall  be  declared  elected  a  mem- 
ber of  the  Society,  which  declaration  shall  be  made  public  by  the 
secretary  on  receipt  of  said  endorsement." 

Article  IIIt  Section  /. — "Any  member,  not  in  arrears,  paying 
at  any  one  time  the  sum  of  one  hundred  dollars  into  the  treasury 
of  the  Society  as  commutation  for  dues,  shall  become  a  life  mem- 
ber, shall  be  exempt  from  the  further  payment  of  annual  dues, 
and  shall  receive  all  the  regular  publications  of  the  Society." 

Article  III,  Section  5. — (The  former  Section  8.) 

Article  III,  Section  6. — (The  former  Section  9,  omitting  the 
words  "and  honorary  associates"  in  paragraph  2.) 

Article  VII — "A  Journal,  published  by  the  Society,  shall  he 
distributed  to  all  members  not  in  arrears." 

By-Laws  13,  15,  16,  17,  18. — Omit  the  words  "or  associates" 
and  "and  associates"  wherever  occurring. 


The  Index  of  the  first  twenty  volumes  of  the  Journal  op  the 
American  Chemical  Society,  1879-1898,  and  of  the  Proceed- 
ings, 1 877-1 879,  is  now  published.  Copies  can  be  ordered  from 
the  librarian,  Dr.  E.  G.  Love,  108  W.  55th  Street,  N.  Y.  City. 
Rates,  50  cents  to  members  of  the  Society  ;  75  cents  to  non-mem- 
bers. 

Albert  C.  Hale,  Secretary. 

NEW  MEMBERS  ELECTED  BETWEEN  SEPTEMBER   26  AND  OCTO- 
BER 27,    1902. 

Acker,  Charles  E. ,  Niagara  Palls,  N.  Y. 
Arbuckle,  H.  B.,  Agnes  Scott  Inst.,  Decatur,  Ga, 
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Banks,  W.  G.,  Elk  Rapids,  Mich. 

Bartsch,  Charles  A.,  6803  Woodland  Ave.,  Philadelphia,  Pa. 
Barach,  Edgar,  100  California  St.,  San  Francisco,  Cal. 
Baxter,  Albert  C,  814  W.  College  Ave.,  Jacksonville.  111. 
Boiling,  George  Everett,  1257  Belmont  St.,  Brockton,  Mass. 
Booth,  Wm.  M.,  Cortland,  N.  Y. 
Carr,  George  R.,  416  Home  Ave.,  Oak  Park,  111. 
Catlett,  George  F.,  Chapel  Hill,  N.  C. 
Corwin,  C.  E.,  508  5th  St.,  Marietta,  O. 
Crane,  Jasper  E.,  20  Central  Ave.,  Newark,  N.  J. 
Edgar,  Wm.  H.,  27-34  Rialto  Bldg.,  Chicago,  111. 
Fenner,  L.  M.,  Watertown,  N.  Y. 
Frank,  Henry,  378  Vanderbilt  Ave. ,  Brooklyn,  N.  Y. 
Gerber,  Harry,  Fremont,  Mich. 

Gleason,  Gilbert  H.,  12  Ruthven  St.,  Roxbury,  Mass. 
Grimwood,  Charles  P.,  214  Pine  St.,  San  Francisco,  Cal. 
Higgins,  Francis  W. ,  549  4th  St. ,  Niagara  Falls,  N.  Y. 
Horn,  David  W.,  Bryn  Mawr,  Pa. 
Hughes,  Louis  S.,  4  Burton  PI.,  Chicago,  111. 
Keran,  J.  N.,  Fowler,  Fresno  Co.,  Cal. 
Landis,  Walter  S.,  48  Church  St.,  Bethlehem,  Pa. 
Lyon,  D.  A. ,  320  Sansome  St. ,  San  Francisco,  Cal. 
Mahin,  Edward  G.,  141  Pierce  St.,  W.  Lafayette,  Ind. 
Merriam,  Edmund  S.,  314  Collins  St.,  Hartford,  Conn. 
Miller,  Robert,  Lucy  Furnaces,  51st  St.,  Pittsburg,  Pa. 
Muckenf uss,  A.  M. ,  Univ.  of  Arkansas,  Fayetteville,  Ark. 
Newburg,  Mervyn  J.,  1954  Bush  St.,  San  Francisco,  Cal. 
O'Connell,  C.  J.,  Mountain  Iron,  Minn. 
Peck,  C.  F.,  213  MacDougall  Ave.,  Detroit,  Mich. 
Powell,  James,  Spring  Grove  Ave.,  Cincinnati,  O. 
Rose,  Lewis  H.,  Univ.  of  Arkansas,  Fayetteville,  Ark. 
Ross,  Samuel  H. ,  53  Morris,  Univ.  of  Pa.  Dormitories,  Phila- 
delphia, Pa. 
Sohler,  Frank  E.,  Palo  Alto,  Cal. 
Swain,  Robert  E.,  Stanford  University,  Cal. 
Taylor,  Alonzo  E.,  1809  Broadway,  San  Francisco,  Cal. 
Trebing,  H.,  Charlotte,  N.  Y. 

Turner,  Harold  J.,  1720  N.  15th  St.,  Philadelphia,  Pa. 
Williams,  Frank  M.,  Clarkson  School  of  Tech.,  Potsdam,  N,  Y. 
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Worrell,  Steve  H.,  Univ.  of  Texas,  Austin,  Texas. 

CHANGBS  OP  ADDRESS. 

Annear,  J.  B.,  Livingston  Mill,  Sugar  Loaf,  Colo. 

Baldwin,  W.  S. ,  Platten  Str.  50,  Pension  Englebrecht,  Zurich, 
Switzerland. 

Baringer,  P.  J.,  care  of  Eagle  White  Lead  Co.,  1020  Broadway, 
Cincinnati,  O. 

Bird,  Maurice,  Asheville,  N.  C. 

Breed,  Miss  Mary  B.,  East  3rd  St.,  Bloomington,  Ind. 

Cary,  Edward  A.,  66  Clinton  Ave.,  Montclair,  N.  J. 

Case,  Wm.  A.,  345  Campbell  Ave.,  S.  W.,  Roanoke,  Va. 

Clevenger,  G.  H.,  432  W.  124th St.,  N.  Y.  City. 

Closson,  C.  D.,  331  N.  Union  St.,  Fostoria,  O. 

Doerflinger,  Wm.  F.,  113  Chelton  Ave.,  Niagara  Falls,  N.  Y. 

Downey,  James  E.,  14  Kendall  St.,  Worcester,  Mass. 

Gordon,  F.  T.,  U.  S.  R.  S.  "  Wabash/1  Navy  Yard,  Boston, 
Mass. 

Gross,  John,  Penobscot  Mining  Co.,  Dead  wood,  S.  D. 

Haas,  Herbert,  Apt.  116,  Torreon,  Coahuila,  Mexico. 

Hall,  R.  D.,  3465  Sansom  St.,  Philadelphia,  Pa. 

Hand,  W.  F.,  Agricultural  College,  Miss. 

Hargrove,  Julian  O.,  1603  O  St.,  N.  W. ,  Washington,  D.  C. 

Hemmings,  Fred  J.,  Room  520,  Weld  Bldg.,  176  Federal  St., 
Boston,  Mass. 

Hen  wood,  Abraham,  1802  Chestnut  St.,  Philadelphia,  Pa. 

Hewitt,  E.  R.,  Tuxedo  Park,  N.  Y. 

Hibbard,  P.  L.,  2291  N.  41st  Court,  Chicago,  111. 

Hopkins,  Erastus,  Lake  .Helen,  Florida. 

Jackson,  D.  D.,  Mt.  Prospect  Lab.,  Flatbush  Ave.,  and  East- 
ern Parkway,  Brooklyn,  N.  Y. 

Jefferson,  Miss  A.  M.,  165  Hansberry  St.,  Germantown,  Phila- 
delphia, Pa. 

Kingman,  W.  A.,  164  Central  St.,  Leominster,  Mass. 

Koelle,  Carl,  care  of  Amer.  S.  and  R.  Co.,  71  Broadway,  N.  Y. 
City. 

Kohr,  D.  A.,  Bond  Hill,  Hamilton  Co.,  Ohio. 

Loeb,  Morris,  37  E.  38th  St. ,  N.  Y.  City. 

Long,  J.  H.,  2421  Dearborn  St.,  Chicago,  111. 
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Ludlow,  S.  H.,  care  of  Nat.  Portland  Cement  Co.,  Durham, 
Ontario. 

May,  George  A.,  "  The  Fabrikoid  Co.,"  Newburgh,  Orange 
Co.,  N.  Y. 

McCul lough,  J.  E.,  327  W.  Pittsburgh  St.,  Greensburg,  Pa. 

Miyak£,  H.,  No.  46  Naka  no  cho,  Okayama,  Japan. 

Myers,  Ralph  E. ,  John  Harrison  Lab.  of  Chem. ,  Univ.  of  Pa. , 
Philadelphia,  Pa. 

Nelson,  E.  K.,  Paris,  111. 

Overton,  A.  G.,  care  of  Steel  Plant  Laby.,  Ensiey,  Ala. 

Page,  Robert  W.,  510  Twelfth  St.,  Brooklyn.  N.  Y. 

Porter,  A.  FM  Haskell,  N.  J. 

Porter,  Fred  B.,  48 11  Evans  Ave.,  Chicago,  111. 

Pilhashy,  B.  M.,  1325  Lincoln  Ave.,  Walnut  Hills,  Cincin- 
nati, O. 

Prohaska,  O.  L-,  634  N.  Rockwell  St.,  Chicago,  111. 

Ritchey,  J.  C,  1897  Superior  St.,  Cleveland,  O. 

Roberts,  Alfred  E.,  1949  7th  Ave.,  N.  Y.  City. 

Rogers,  Allen,  4627  Paschall  Ave.,  Philadelphia,  Pa. 

Rounds,  M.  B.  C,  Leaf  River,  111. 

Safford,  E.  B.,  care  of  Nelson  Morris  and  Co.,  U.  S.  Yards, 
Chicago,  111. 

Sanders,  Warren  W.,  Victor  Chem.  Wks.,  Chicago  Heights, 
111. 

Simmons,  Ward  W. ,  80  St.  Nicholas  Ave. ,  N.  Y.  City. 

Starke,  Eric  A.,  1024  Union  St.,  Alameda,  Cal. 

Steiger,  George,  U.  S.  Geol.  Survey,  Washington,  D.  C. 

Stocker,  J.  H.,  488  Nostrand  Ave.,  Brooklyn,  N.  Y. 

Thayer,  Harry  S.,  526  West  114th  St.,  N.  Y.  City. 

Tibbals,  Chas.  Austen,  Jr.,  Univ.  of  Wis.,  Madison,  Wis. 

Tingle,  Alfred,  41  Alexander  St. ,  Toronto,  Ontario. 

Topping,  A.  N.,  1035  Barnett  Ave.,  Kansas  City,  Kans. 

Wakeman,  A.  J.,  Green  Farms,  Conn. 

Webb,  E.  H.,  Trenton  Iron  Wks.,  Trenton,  N.  J. 

Williams,  Roberts.,  Mass.  Inst.  Tech.,  Boston,  Mass. 

ADDRESSES  WANTED. 

Hopkins,  Matthew  S.,  formerly  of  "The  Roylston,"  Balti- 
more, Md. 


*  1 
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Myers,  R.  G.,  formerly  of  819  Willson  Ave.,  Cleveland,  Ohio. 
Odell,  J.  R.,  formerly  of  157  Huntington  Ave.,  Boston,  Mass. 
Reid,  Burton,  formerly  of  Central  High  School,  Kansas  City, 
Mo. 

CHICAGO  SECTION. 

The  October  meeting  of  the  Chicago  Section  was  held  on  the 
evening  of  the  21st  at  the  Hotel  Bismark.  A  table-de-h6te  dinner 
was  served  at  6.30,  and  following  this  a  very  interesting  paper 
was  given:  "What  the  Chemist  Can  Do  to  Conserve  Public 
Health/  ■  by  Dr.  H.  W.  Wiley  of  the  U.  S.  Bureau  of  Agriculture. 

W.  A.  Converse,  Stfy. 


Issued  with  December  Number,  1904. 


Proceedings. 


FIFTH  INTERNATIONAL  CONGRESS  OF  APPLIED 

CHEMISTRY. 

The  Fifth  International  Congress  of  Applied  Chemistry  will 
begin  its  sessions  in  Berlin,  on  May  31,  1903. 

The  permanent  Committee  on  Organization,  holding  over  from 
the  meeting  of  the  Fourth'  Congress,  in  Paris,  has  designated 
Professor  Clemens  Winkler  as  President  of  Honor  and  Professor 
Otto  N.  Witt  as  President  of  the  German  Committee. 

At  the  request  of  this  committee  and  in  accordance  with  the 
resolution  passed  by  the  Council  of  the  American  Chemical  Soci- 
ety, the  president  of  the  Society  has  appointed  the  following 
American  Committee  on  Organization  : 

H.  W.  Wiley,  Chairman,  Chief  of  Bureau  of  Chemistry,  De- 
partment of  Agriculture,  Washington,  D.  C. 

Section  I. — Analytical  Chemistry,  Apparatus,  and  Instruments: 
Dr.  W.  F.  Hillebrand,  Chemist,  U.  S.  Geological  Survey,  Wash- 
ington, D.  C;  O.  P.  Amend,  Secretary  of  the  firm  of  Eimer& 
Amend,  205  Third  Avenue,  New  York,  N.  Y.;  Charles  Bas- 
kerville,  Ph.D.,  F.C.S.,  Smith  Professor  of  General  Chemistry 
and  Director  of  the  Laboratory,  University  of  North  Carolina, 
Chapel  Hill,  N.  C;  £.  E.  Ewell,  Assistant  Chief  of  Bureau  of 
Chemistry,  Department  of  Agriculture,  Washington,  D.  C; 
William  A.  Noyes,  Professor  of  Chemistry,  Rose  Polytechnic 
Institute,  Terre  Haute,  Ind. 

Section  II. — Chemical  Industries  of  Inorganic  Products  :  Dr. 
Edward  Hart,  Professor  of  Chemistry,  Lafayette  College,  Easton, 
Pa.;  J.  D.  Pennock,  Chief  Chemist,  Solvay  Process  Co.  and 
Semet-Solvay  Co. ,  Syracuse,  N.  Y. ;  Geo.  C.  Stone,  Chief  Engi- 
neer, New  Jersey  Zinc  Co.,  11  Broadway,  New  York,  N.  Y.; 
Frederic  J.  Falding,  of  Exchange  Court,  52  Broadway,  New 
York,  N.  Y. 

Section  III. — Metallurgy,  Mining,  and  Explosives:  Charles  E. 
Munroe,  Ph.D.,  Professor  of  Chemistry,  The  Columbian  Univer- 
sity, Washington,  D.  C. ;  A.  E.  Knorr,  Chief  Chemist,  Baltimore 
Copper  Smelting    and   Rolling  Co.,   Canton,  Baltimore,   Md.; 


(9«) 

Francis  C.  Phillips,  Professor  of  Chemistry,  Western  University, 
Allegheny,  Pa.;  W.  B.  Rising,  Professor  of  Chemistry,  Univer- 
sity of  California,  Berkeley,  Cal. 

Section  IV. — Chemical  Industries  of  Organic  Products :  (a) 
Organic  Preparations,  including  coal-tar  products  ;  (4)  Dyestuffs 
and  their  uses  :  William  McMurtrie,  Consulting  Chemist,  Royal 
Baking  Powder  Co. ,  New  York,  N.  Y. ;  J.  Merritt  Matthews, 
Ph.D.,  Professor  in  charge  of  Chemical  Dyeing  Dept.,  Phila- 
delphia Textile  School,  Philadelphia,  Pa. ;  Clifford  Richardson, 
Director  of  the  New  York  Testing  Laboratory,  Long  Island  City, 
N.  Y.;  Samuel  P.  Sadtler,  Ph.D.,  LL.D.,  Consulting  Chemist 
and  Honorary  Professor  of  Chemistry,  Franklin  Inst,  of  Philadel- 
phia, ioth  and  Chestnut  Sts.,  Philadelphia,  Pa. 

Section  V. — Sugar  Industry  :  Dr.  F.  G.  Wiechmann,  Consult- 
ing Chemist,  American  Sugar  Refining  Co.,  Box  79,  Station  W, 
Brooklyn,  N.  Y.;  Arno  Behr,  Ph.D.,  Chemist,  Pasadena,  Cal.; 
David  L.  Davoll,  Jr.,  Chief  Chemist,  Peninsular  Sugar  Refining 
Co.,  Caro,  Mich.;  W.  D.  Home,  Ph.D.,  Consulting  Chemist, 
The  National  Sugar  Refining  Co.  of  New  Jersey,  Yonkers,  N.  Y; 
G.  L.  Spencer,  Chief  of  Sugar  Laboratory,  Bureau  of  Chemistry, 
Dept.  of  Agriculture,  Washington,  D.  C. 

Section  VI. — Fermentation  and  Starch  Manufacture:  Max 
Henius,  Ph.D.,  Director,  American  Brewing  Academy  and  the 
Scientific  Station  for  Brewing,  Chicago,  111. ;  Charles  E.  Pellew, 
K.M.,  Adjunct  Professor  of  Chemistry,  Columbia  University, 
New  York,  N.  Y.;  Alfred  Springer,  Ph.D.,  Chemist,  312  E.  2d 
St.,  Cincinnati,  O. 

Section  VII. — Agricultural  Chemistry :  B.  W.  Kilgore,  Director, 
North  Carolina  Agricultural  Experiment  Station  and  State  Chem- 
ist, Raleigh,  N.  C;  Henry  Adam  Weber,  Ph.D.,  Professor  of 
Agricultural  Chemistry,  Ohio  State  University,  Columbus,  O.; 
Chas.  D.  Woods,  Professor  of  Agriculture,  University  of  Maine, 
and  Director  of  Maine  Agricultural  Experiment  Station,  Orono, 
Maine  ;  B.  B.  Ross,  Professor  of  Chemistry,  Alabama  Polytechnic 
Institute  and  State  Chemist  of  Alabama,  Auburn,  Ala. 

Section  VIII. — Hygiene,  Chemical  and  Pharmaceutical  Chem- 
istry :  Foods ;  M.  E.  Jaffa,  Assistant  Professor  of  Chemistry, 
University  of  California,  Berkeley,  Cal.;  W.  O.  Atwater,  Pro- 
fessor of  Chemistry,  Wesleyan  University,  Middletown,  Conn., 
Chief  of  Nutrition  Investigation,  Office  of  Experiment  Stations, 
U.  S.  Department  of  Agriculture ;  E.  A.  de  Schweinitz,  Chief 
Biochemic  Division,  Department  of  Agriculture,  Dean  and  Pro- 
fessor of  Chemistry,  Columbian  University  Medical  School, 
Washington,  D.  C. ;  Walter  S.  Haines,  Professor  of  Chemistry, 
Pharmacy  and  Toxicology,  Rush  Medical  College,  Chicago,  111. ; 
Edward  Kremers,   Professor  of  Pharmaceutical  Chemistry,  Di- 
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rector  of  School  of  Pharmacy,  University  of  Wisconsin,  Madison, 
Wis.;  John  Marshall,  Professor  of  Chemistry  and  Toxicology, 
University  of  Pennsylvania,  Philadelphia,  Pa. ;  John  Uri  Lloyd, 
Ph.D.,  LL.D.,  Professor  of  Chemistry,  Eclectic  Medical  Institu- 
tion, Cincinnati,  O.;  W.  P.  Mason,  Professor  of  Chemistry, 
Rensselaer  Polytechnic  Institute,  Troy,  N.  Y. 

Section  IX. — Photochemistry:  Dr.  L.  H.  Friedburg,  late  Pro- 
fessor of  Chemistry  and  Toxicology  at  the  Flower  Hospital  Med- 
ical College,  New  York;  Address,  529  West  147th  St.,  New 
York,  N.  Y.;  Dr.  Peter  T.  Austen,  F.C.S.,  Chemical  Expert* 
80  Broad  St.,  New  York,  N.  Y. ;  Leo  Baekeland,  D.Sc.,  Research 
Chemist,  ■  Snug  Rock,'  N.  Broadway  (Harmony  Park),  Yonkers, 
N.  Y. 

Section  X. — Electrochemical  and  Physical  Chemistry  :  Charles 

A.  Doremus,  M.D.,  Ph.D.,  Assistant  Professor  of  Chemistry,  Col- 
lege of  the  City  of  New  York,  N.  Y.;  W.  D.  Bancroft,  Assistant 
Professor  of  Physical  Chemistry,  Cornell  University,  Ithaca, 
N.  Y.;  Edgar  F.  Smith,  Professor  of  Chemistry,  University  of 
Pennsylvania,  Philadelphia,  Pa.;  C.  F.  Chandler,  Professor  of 
Chemistry,  Columbia  University,  New  York,  N.  Y.;  A.  A.  Noyes, 
Professor  of  Theoretical  and  Organic  Chemistry,  Massachusetts 
Institute  of  Technology,. Boston,  Mass. 

Section  XL—  Legal  and  Agricultural  Problems  in  connection 
with  the  Chemical  Industries :  Dr.  J.  W.  Mallet,  Professor  of 
Chemistry,  University  of  Virginia,  Charlottesville,  Va.;  Charles 

B.  Dudley,  Chief  Chemist,  Pennsylvania  R.  R.  Co.,  Altoona,  Pa.; 
Albert  B.  Prescott,  Director  of  Chemical  Laboratory,  University 
of  Michigan,  Ann  Arbor,  Mich.;  S.  P.  Sharpies,  Analytical  and 
Consulting  Chemist,  13  Broad  St.,  Boston,  Mass.;  A.  H.  Todd, 
Manufacturing  Chemist  and  Distiller  of  Essential  Oils,  Kalama- 
zoo, Mich. 

A  few  other  gentlemen  have  been  appointed  on  the  committee, 
but  their  acceptances  have  not  yet  been  received.  It  is  hoped 
that  American  chemists  will  become  members  of  this  Fifth  Con- 
gress in  large  numbers,  even  if  they  are  not  able  to  be  present  in 
person,  and  that  as  many  as  possible  will  attend.  Both  those 
who  can  attend  and  those  who  are  not  able  to  go  are  urged  to 
send  papers. 

The  work  of  the  Congress  has  been  organized  in  the  sections 
given  above.  The  members  of  the  committee  in  each  section 
should  endeavor  particularly  to  promote  the  interest  of  that 
branch  of  the  science  which  specially  belongs  to  that  section. 

The  fee  for  membership  is  20  marks  or  $4.76.  To  avoid  the 
trouble  of  sending  separate  postal  orders  for  this  sum  the  chair- 
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man  of  the  committee,  Dr.  Wiley,  will  undertake  to  transmit  to 
Berlin  the  membership  fees  of  American  chemists  who  wish  to 
avail  themselves  of  this  opportunity.  Those  desiring,  therefore, 
to  become  members  may  send  their  personal  check  for  $4.76  and 
nine  cents  to  cover  postage,  postal  order,  etc.,  in  all  $4.85,  to 
Dr.  H.  W.  Wiley,  Chief  of  the  Bureau  of  Chemistry,  Depart- 
ment of  Agriculture,  Washington,  D.  C,  who  will  give  them  a 
receipt  for  the  same  while  waiting  for  an  official  receipt  from  the 
treasurer  at  Berlin. 

If  reductions  in  steamship  rates  can  be  obtained,  a  notice  to  the 
effect  will  be  published  in  Science  and  the  Journal  of  thb 
American  Chemical  Society.  Members  attending  the  Con- 
gress should  leave  the  United  States  not  later  than  the  15th  of 
May  by  slow  steamer,  nor  the  20th  of  May  by  fast  steamer. 

The  official  announcements  and  other  circular  matter  connected 
with  the  Congress  will  be  distributed  through  the  American 
committee  as  soon  as  the  documents  are  received  from  Berlin. 
Any  members  of  the  Society  to  whom  these  circulars  may  not  be 
sent  can  secure  them  by  writing  to  the  chairman  of  the  American 
Committee. 

Chemists  not  members  of  the  American  Chemical  Society  are 
also  cordially  invited  to  participate  in  the  Congress  both  as  mem- 
bers and  as  authors  of  papers  and  the  same  courtesies  will  be 
extended  to  them,  if  so  desired,  as  are  offered  above. 

H.  W.  Wiley. 
Member  of  Permanent  Committee  on  Organization 
and  Chairman  of  American  Committee. 

BOARD  OF  DIRECTORS. 

A  meeting  of  the  Board  of  Directors  of  the  American  Chemical 
Society  was  held  in  the  library  of  the  Chemists'  Club,  108  W. 
55th  Street,  N.  Y.  City,  Friday,  October  id,  1902.  The  directors 
present  were  Messrs.  Doremus,  Hale,  Hallock,  and  Smith. 

The  meeting  was  called  to  order  by  the  secretary  at  8.30  p.*-. 
and  in  the  absence  of  the  president,  Professor  C.  A.  Doremus 
was  chosen  chairman  pro  tern. 

The  minutes  of  the  previous  meetings  of  the  directors  were 
approved  as  recorded  by  the  secretary. 

The  librarian  was  authorized  to  sell  to  the  Deutsche  Chemische 
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Gesellschaft  at  the  rate  of  $4.00  per  volume  such  volumes  of  the 
Journal  as  that  society  might  wish  to  purchase  in  connection  with 
the  making  of  arrangements  for  an  exchange  of  the  Berichte  for 
the  Journal  of  the  American  Chemical  Society. 

The  librarian  was  also  authorized  and  directed  to  take  charge 
of  the  sale  of  the  Index  of  the  first  twenty  volumes  of  the  Journal 
and  the  Proceedings  of  the  Society  at  the  prices  already  fixed  by 
the  directors,  namely,  fifty  cents  per  copy  to  members  of  the 
Society,  and  seventy-five  cents  per  copy  to  non-  members. 

The  secretary  was  directed  to  transfer  to  the  librarian  all 
property  of  the  Society  remaining  in  his  hands  at  the  close  of  his 
term  of  office,  and  which  shall  not  be  needed  by  his  successor. 

The  meeting  of  the  directors  was  then  adjourned. 

Albert  C.  Hale,  Secretary, 

COUNCIL. 

The  Council  has  approved  the  following  resolution:  "It  is 
hereby  ordered  that  in  the  event  of  the  passage  of  the  amend- 
ments now  pending,  all  persons  who  at  that  time  shall  be  on  the 
roll  of  the  Society  as  Associates  or  Life  Associates  shall  thereupon 
become  Members  or  Life  Members,  respectively,  of  the  Society." 

The  amendments  having  all  been  passed,  all  Associates  and 
Life  Associates  are  hereby  declared  Members  and  Life  Members, 
respectively. 

In  response  to  an  invitation  from  the  Managers  and  Faculty  of 
Swarthmore  College,  President  Remsen  appointed  Professor  Edgar 
F.  Smith,  of  the  University  of  Pennsylvania,  to  represent  the 
American  Chemical  Society  at  the  inauguration  of  Joseph 
Swain,  LL.D.,  as  President  of  Swarthmore  College,  on  the  morn- 
ing of  November  15,  1902. 

MEMBERS  ELECTED  BETWEEN  OCTOBER   28  AND  NOVEMBER   27, 

1902. 

Abraham,  Herbert,  13  W.  89th  St.,  N.  Y.  City. 
Andrews,  (Miss)  Catherine  E.,  1095  N.  High  St.,  Columbus,  O. 
Bahlmann,  Clarence,  3201  Woodburn  Ave.,  Cincinnati,  O. 
Beardslee,  R.  P.,  13  South  St.,  Ithaca,  N.  Y. 
Bennett,  Hugh  H.,  Chapel  Hill,  N.  C. 
Bleininger,  Albert  V.,  116  W.  9th  Ave.,  Columbus,  O. 
Brooke,  John  C,  Bureau  of  Soils,  Dept.  of  Agr.,  Washington, 
D.  C. 
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Brooks,  H.  Kibbee,  Bellows  Palls,  Vt. 

Browne,  Arthur  W.,  217.  Mitchell  St.,  Ithaca,  N.  Y. 

Barrows,  George  H.,  221  Eddy  St.,  Ithaca,  N.  Y. 

Carlton,  Henry  A.,  33  Holyoke  St.,  Cambridge,  Mass. 

Cavanaugh,  George  W.,  Cornell  Univ.  Agr.  Expt.  Sta.,  Ithaca, 
N.  Y. 

Clark,  W.  Blair,  Granville,  O. 

Coover,  Winfred  F.,  1456  Hunter  St.,  Columbus,  O. 

Drake,' Bryant  S.,  care  of  Peyton  Chemical  Co.,  Martinez,  Cal. 

Dubois,  Wilbur  L.,  12 13  Q  St.,  Washington,  D.  C. 

Eastwood,  John  P.,  713  E.  Huron  St.,  Ann  Arbor,  Mich. 

Fuller,  Robert  W.,  174  W.  102nd  St.,  N.  Y.  City. 

Garrard,  James  G.,  care  of  Crane  Co.,  52  JuddSt.,  Chicago,  DL 

Gilpin,  J.  Elliott,  Johns  Hopkins  Univ.,  Baltimore,  Md. 

Greenwood,  Ernest  H.,  15  South  Ave.,  Ithaca,  N.  Y. 

Haigh,  Leonard  D.,  713  E.  Catharine  St.,  Ann  Arbor,  Mich. 

Hawley,  Lee  F.,  113  Osmun  Place,  Ithaca,  N.  Y. 

Heike,  Rudolph  E.,  Box  722,  N.  Y.  City. 

Henning,  C.  J.,  Cal.  Powder. Works,  Santa  Cruz,  Cal. 

Hirsch,  Rudolph,  1060  S.  Front  St.,  Columbus,  O. 

Hopkins,  Henry  S.,  Bainbridge,  N.  Y. 

Isham,  (Miss)  Helen,  3  Central  Ave.,  Ithaca,  N.  Y. 

Jessel,  Henry  R.,  1  Cascadilla  Place,  Ithaca,  N.  Y. 

Johnson,  Charles  W.,  215  Glenn  Ave.,  Ann  Arbor,  Mich. 

Johnston,  O.  P.,  123  Linn  St.,  Ithaca,  N.  Y. 

Karas,  John  I.,  care  Central  Star  Laundry,  Northland  Ave., 
Buffalo,  N.  Y. 

Kern,  Wm.  F.,  75  W.  10th  Ave.,  Columbus,  O. 

Kluttz,  Warren,  care  of  Tenn.  C.  I.  &  R.  Co.,  Bessemer,  Ala. 

Kortright,  Frederic  L.,  Morgantown,  W.  Va. 

Lichty,  David  M.,  922  Olivia  Ave.,  Ann  Arbor,  Mich. 

Loudon,  Archd.  M.,  544  W.  126th  St.,  New  York  City. 

Lundell,  Gustavous  E.  F.,  115  Mitchell  St.,  Ithaca,  N.  Y. 

MacLeod,  (Miss)  Grace,  Mount  Hermon  School,  Mount  Her- 
mon,  Mass. 

Mandel,  John  A.,  338  E.  26th  St.,  N.  Y.  City. 

Marckworth,  O.  S.,  250  Wilbur  Ave.,  Columbus,  O. 

Masury,  Frederick  L.  M.,  43  W.  87th  St.,  N.  Y.  City. 

Mayer,  Andrew,  Jr.,  104  St.  Marks  Ave.,  Brooklyn,  N.  Y. 

Mid  die  ton,  Arthur  A.,  115  Cook  St.,  Ithaca,  N.  Y. 

Monroe,  Joseph  E. ,  Dillon,  Mont. 

Mowat,  J.  F.,  316  Heustis  St.,  Ithaca,  N.  Y. 

Mueller,  Max  E.,  523  E.  Madison  St.,  Ann  Arbor,  Mich. 

Mumma,  Marion  W.,  47  W.  nth  Ave.,  Columbus,  O. 

Ohler,  Wm.  H.,  18  Locust  St.,  Portland,  Me. 

Oldham,  E.  W.,  1725  Oregon  Ave.,  St.  Louis,  Mo. 

Orndorff,  Wm.  R.,  Cornell  Univ.,  Ithaca,  N.  Y. 
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Osborn,  Abner  A.,  197  N.  Washington  Ave.,  Columbus,  O. 
Parker,  J.  Heber,  115  Cook  St.,  Ithaca,  N.  Y. 
Pumpelly,  Laurence,  415  Stewart  Ave.,  Ithaca,  N.  Y. 
Robb,  John  W.,  17  South  Ave.,  Ithaca,  N.  Y. 
Robinson,  P.  C,  222  Eddy  St.,  Ithaca,  N.  Y. 
Rueger,  Charles  E.,  Box  152,  Butte,  Mont. 
Russell,  Joseph  H.,  309  Eddy  St.,  Ithaca,  N.  Y. 
Schade,  James  W. ,  266  Hooper  St. ,  Brooklyn,  N.  Y. 
Setzler,  Horace  B. ,  Hotel  Sabine,  Port  Arthur,  Texas. 
Smeaton,  Wm.  G.,  529  Walnut  St.,  Ann  Arbor,  Mich. 
Smith,  Morgan  B.,  115  Cook  St.,  Ithaca,  N.  Y. 
Snowdon,  Ralph  C. ,  205  Hazen  St. ,  Ithaca,  N.  Y. 
Stewart,  Andrew,  1420  Q  St.,  N.  W.,  Washington,  D.  C. 
Sweeton,  (Miss)  Agnes  G.,  Sage  Hall,  Cornell  Univ.,  Ithaca, 
N.  Y. 
Taylor,  Benjamin  P.,  Gainesville,  Ga. 
Tefft,  Henry  D.,  in  Quarry  St.,  Ithaca,  N.  Y. 
Terrell,  Arthur  D.,  Iola,  Kansas. 
Thompson,  John  P.,  21  First  Place,  Brooklyn,  N.  Y. 
Trevor,  J.  E.,  125$  Quarry  St.,  Ithaca,  N.  Y. 
Troy,  Hugh  C. ,  Cornell  Univ. ,  Ithaca,  N.  Y. 
Urner,  Frank  A.,  221  Eddy  St.,  Ithaca,  N.  Y. 
Watling,  W.  Lee,  Northwestern  Fertilizing  Co.,  Chicago,  111.  • 
Weber,  Raxley  F. ,  801  E.  State  St. ,  Ithaca,  N.  Y. 
Williamson,  Homer  D.,  W.  10th  Ave.,  Columbus,  O. 
Witman,  Dwight  N.,  ion  Oak  St.,  Columbus,  O. 
Wright,  Ralph  G.,  510  Whittier  St.,  St.  Louis,  Mo. 
Young,  R.  A.,  322  Wilbur  Ave.,  Columbus,  O. 

CHANGES  OF  ADDRESS. 

Anderson,  Duncan,  Jr.,  Sydney,  Nova  Scotia. 

Ashley,  Harrison  E.,  Box  291,  Leetonia,  O. 

Attix,  James  C,  St.  Ignace  Furnace,  St.  Ignace,  Mich. 

Boiling,  Randolph,  Allegheny  Ore  and  Iron  Co.,  Victoria  Fur- 
nace, Goshen,  Va. 

Bowers,  John  A. ,  Chester,  Pa. 

Braman,  Winfred  W.,  Lowell  Textile  School,  Lowell,  Mass. 

Bregowsky,  I.  M.,  care  of  Crane  Co.,  52  JuddSt.,  Chicago,  I1L 

Browne,  Chas.  A.,  Jr.,  Audubon  Park,  New  Orleans,  La. 

Cameron,  Frank  K.,  Bureau  of  Soils,  Dept.  of  Agr.,  Washing- 
ton, D.  C. 

Clark,  Harry  A.,  189  Harriet  St.,  Bridgeport,  Conn. 

Danziger,  J.  L.,  Columbia  Univ.,  N.  Y.  City. 

Dixon,  John  B.,  Brown's  Hotel,  Glens  Falls,  N.  Y. 
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Hibbard,  P.  L.,  2291  N.  41st  Court,  Chicago,  111. 

Higgins,  Albert  W. ,  The  National  Ammonia  Co. ,  St.  Louis,  Mo. 

James,  Joseph  H.,  Clemson  College,  S.  C. 
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Schuyler,  Erwin  H.  535  W.  7th  St.,  Erie,  Pa. 
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Dept.,  Washington,  D.  C. 

Skinner,  Hervey  J.,  care  Little  &  Walker,  19  Exchange  PL, 
Boston,  Mass. 

Sovereign,  C.  L.,  care  Glucose  Sugar  Refining  Co.,  Chicago, 
111. 

Stoddart,  Charles  W.,  Box  103,  Boulder,  Colo. 

Summey,  A.  E.,  Hamburg,  N.  Y. 

Torrey,  Joseph,  Jr.,  108  Beck  Ave.,  Akron,  O. 

Turner,  B.  Bernard,  103  Linn  St.,  Ithaca,  N.  Y. 

Van  Brunt,  Charles,  124 E.  28th  St.,  N.  Y.  City. 

Vannier,  Charles  H.,  care  of  Griffin  Wheel  Co.,  Sacramento 
Square,  Chicago,  111. 

Veitch,  F.  P.,  Bureau  of  Chemistry,  Washington,  D.  C. 

Volney,  C.  W.,  Keyport,  N.  J. 

Von  Rticker,   Dr.   H.,    care    Buchenau    and  Co.,    Torreon, 
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Wiley,  Samuel  W. ,  American  Agricultural  Chemical  Co. ,  Laz- 
aretto Works,  Baltimore,  Md. 

Wirth,  Adam,  920  Delachaise  St.,  New  Orleans,  La. 

ADDRESSES  WANTED. 

Arsem,Wm.  C,  formerly  of  229  Liberty  St.,  Schenectady,  N.Y. 

Duryea,  Chester  B.,  formerly  of  "The  Earlington,"  W.  27th 
St.,  N.  Y.  City. 

Frank,  J.  W.,  formerly  of  29  Broadway,  N.  Y.  City. 

Titus,  (Miss)  Winifred,  formerly  of  425  Park  St.,  Madison, 
Wis. 

MEETINGS  OP  THE  SECTIONS. 

NORTH  CAROLINA  SECTION. 

The  North  Carolina  Section  held  its  fall  meeting  in  the  office 
of  the  State  Chemist,  Agricultural  Building,  Raleigh,  N.  C. ,  on 
Saturday,  November  22,  1902,  with  Presiding  Officer  Charles  E. 
Brewer  in  the  chair.  Twenty  members  and  visitors  were  in 
attendance.  Hereafter  all  papers  presented  will  be  required  to 
be  in  abstract.  Drs.  A.  S.  Wheeler  and  G.  S.  Praps  were  elected 
reviewers  for  the  section  for  the  ensuing  year.  Their  duties 
will  be  for  each  to  prepare  and  present  at  some  meeting  during 
the  year  a  paper,  giving  briefly  the  advances  recently  made  in 
some  branch  of  chemistry.  This  departure  promises  to  be  a 
valuable  addition  to  the  programs. 

The  following  papers  were  presented  and  discussed:  "Some 
New  Double  Sulphates  of  Lanthanum,  and  on  the  Existence  of 
Lanthanum  Alums, "  by  Charles  Baskerville  and  E.  G.  Moss; 
"Lanthanates,"  by  Charles  Baskerville  and  G.  F.  Catlett; 
"  Studies  in  Nitrification,"  by  G.  S.  Fraps  ;  "  Improved  Method 
for  the  Determination  of  Halogens  in  Atomic  Weight  Work,"  by 
Charles  Baskerville  and  R.  O.  E.  Davis;  "Chlorides  in 
Tobacco,"  by  W.  H.  Pegram ;  "Suggested  Change  in  the  Law 
of  Dulong  and  Petit,"  by  J.  E.  Mills;  "  Neodymates,"  by 
Charles  Baskerville  and  W.  O.  Heard ;  '  'Artificial  Plant  Food 
Requirements  of  Soils,"  by  B.  W.  Kilgore ;  and  "  Methods  for 
the  Determination  of  Total  Phosphoric  Acid  and  Potash  in 
Soils,"  by  C.  B.  Williams. 

There  being  no  further  business,  the  section  adjourned  subject 
to  the  call  of  the  Executive  Committee. 

C  B.  Williams,  Secretary. 
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NEW  YORK  SECTION. 

The  first  regular  meeting  of  the  New  York  Section,  for  the  sea- 
son of  1902-1903,  was  held  October  10th,  in  the  Assembly  Hall 
of  the  Chemists'  Club,  77  members  being  present. 

The  following  papers  were  read :  Leo  Baekeland  on  "Oxy- 
chloride  of  Magnesium  and  Its  Industrial  Uses."  The  paper  was 
fully  illustrated  by  specimens  obtained  by  combination  of  mag- 
nesia cement  with  sawdust,  asbestos,  and  other  materials. 

Dr.  H.  Schweitzer  being  unavoidably  absent,  the  descriptive 
portion  of  his  paper  on  "Some  New  Photographic  Chemicals" 
was  read  by  Mr.  Bugg,  who  also  exhibited  an  interesting  series 
of  slides,  showing  the  results  obtained  by  the  use  of  the  various 
developers,  restrainers,  and  intensifies  mentioned. 

The  November  meeting  was  held  November  7th,  with  53  mem- 
bers present. 

The  programme  was  as  follows :  H.  C.  Sherman :  (1)  "The 
Determination  of  Sulphur  and  Phosphorus  in  Organic  Materials." 
(2)  "The  Composition  of  Cows'  Milk."  F.  W.  Traphagen  and 
Edmund  Burke:  •  'The  Occurrence  of  Salicylic  Acid  in  Fruits." 
Read  by  Professor  M.  T.  Bogert. 

Frakcis  D.  Dodgb,  Secntary. 


DECEASED  MEMBERS. 

Dr.  Edwin  E.  Hunter,  of  St.  Joseph,  Mo.,  member  of  the  So- 
ciety since  1900,  died  in  the  early  fall. 

Mr.  Herbert  S.  Burgess,  of  Providence,  R.  I.,  associate  in  the 
Society,  since  1893,  died  October  15,  1902. 

Professor  Robert  Clark  Kedzie,  member  of  the  Society  since 
1894,  died  November  7,  1902.  Professor  Kedzie  had  been  pro- 
fessor of  chemistry  in  the  Michigan  Agricultural  College  for 
forty  years,  and  was  made  professor  emeritus  last  June. 
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mines,  R  416 ;  In  Sudbury,  Can.,  R  330 ;  Organic  salts  hTsolutlon,  101a ;  Produc- 
tion in  190X,  R  4x5 ;  8teel,  and  magnetic  observation,  R  415 ;  Applications,  R  17 ; 
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570  INDBX. 

tionby  alfalfa,  1155;  Organic .R     43 
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Papain,  R465;  For  digestion  of  proteids ....R  37 
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R68  ;  In  fertilisers,  determination,  895  ;  Fixation  in  soil 1114 
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